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When  an  airport  experiences  low  ceiling  or  visibility  conditions  the  arrival  capacity  of  the 
airport  is  significantly  reduced.  This  is  particularly  true  at  airports  that  use  their  main 
runway  and  a  crosswind  runway  in  visual  meteorological  conations  (VMC).  For  these 
airports  the  capacity  is  effectively  reduced  to  that  of  a  single  runway  operation.  Tne 
consequence  of  this  is  an  increase  in  delays. 

In  1986,  the  Federal  Aviatitm  Administration  (FAA)  issued  an  order  (FA A  Order  71 10.98) 
that  instituted  simultaneous  converging  instrument  approaches  (SCIAs).  That  order  allows 
airports  with  converging  rtinways  to  conduct  operations  to  both  runways  under  certain 
ceiling  and  visibility  conditions  that  are  less  than  VMC.  However,  because  the  procedure 
provides  for  the  safety  of  the  simultaneous  operations  with  turning  missed  {q)proaches,  the 
minima  tend  to  be  quite  high  because  the  protection  areas  cannot  overlap.  The  ender  also 
limits  the  operations  to  a  minimum  of  700  feet  ceiling  or  2  mile  visibility  for  intersecting 
runway  geometries.  To  date  only  four  airports  (Philadelphia,  Dallas-Ft.  Worth,  Denver,  and 
Washington  Dulles)  have  utilized  the  provision  of  this  order  to  reduce  the  minima  to  which 
they  may  use  their  converging  or  intersecting  runways. 

In  the  late  1980s  another  concept  fw  conducting  approaches  to  converging  runways  was 
proposed.  In  its  final  version,  this  procedure  called  for  coordinating  the  approaches  to  the 
two  runways  such  that  a  stagger  between  the  aircraft^  is  maintained.  This  stagger  would 
insure  that  if  both  aircraft  had  to  miss  their  approaches,  separation  between  them  would  be 
guaranteed  even  at  the  intersection  of  their  flight  paths.  This  procedure,  which  is  named  the 
dependent  converging  instrument  approach  (DCIA),  is  predicated  rni  protecting  against 
consecutive  straight-out  missed  approaches,  and  the  minimum  requir^  stagger  distance  is  set 
accordingly. 

Experience  in  the  laboratory  has  shown  that  setting  up  and  maintaining  such  a  stagger  is  a 
^11  that  is  difficult  fcN*  controllers  to  apply  consistently.  Therefore  an  automation  aid  to 
assist  ctmtrollers  in  achieving  the  required  stagger  has  been  proposed.  This  aid  has  become 
known  as  the  converging  runway  display  aid  (CRDA).  The  aid  can  be  described  with 
reference  to  figure  ES-1 .  For  every  aircraft  A  on  approach  to  one  runway  (Rl)  there  is  a 


,1 


1  A  stagger  between  aircraft  is  the  difference  between  the  distant^  of  (Mte  aircraft  to  the 
runway  centerline  intersection  point  and  the  distance  of  the  other  aircraft  to  the  runway 
centerline  intersection  point. 
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Figure  ES-1.  The  Converging  Runway  Display  Aid  Concept 


ghost  target  GA  displayed  along  the  other  approach  path  (P2)  for  converging  runway  R2 
such  that  the  distances  of  the  ghost  target  GA  and  the  real  target  A  from  the  point  of 
intersection  of  the  two  runways  or  their  extended  centerlines  are  equal.  The  position  of  the 
ghost  target  is  updated  every  radar  scan  along  with  the  update  of  the  real  target.  Aircraft  B  is 
the  trailing  aircraft  the  converging  approach.  The  controller  is  required  to  establish  a 
spacing  between  the  ghost  target  GA  and  aircraft  B.  The  vectoring  of  an  aircraft  to  follow 
another  target  on  a  radar  sct^  is  a  controller  skill  that  is  highly  developed. 


PURPOSE 

The  purpose  of  this  paper  is  to  develop  a  DCIA  procedure  applicable  to  as  many  runway 
gecmietries  as  possible  within  certain  defined  constraints.  The  procedure  is  defined  and 
naodeled  to  capture  its  safety-critical  aspects.  From  this  analysis  recominendations  are  made 
concerning  the  stagger  values  and  other  fact^s  relevant  to  applying  this  procedure  safely  to  a 
wide  variety  of  runway  geometries. 

This  paper  discusses  the  procedural  and  safety  aspects  of  the  DCIA  procedure  rather  than 
issues  pertaining  to  automating  the  CRD  A.  The  analysis  presented  in  this  paper  deals  with 
the  DCIA  procedure  as  it  applies  to  any  runway  configuration.  Worst-case  considerations 
are  used  as  the  basis  of  this  general  an^ysis.  Finally,  some  specific  examples  are  provided 
to  illustrate  the  point  that  even  though  an  airport  could  benefit  from  the  general  DCIA 
procedure  a  more  specific  analysis  leading  to  a  specific  DCIA  procedure  for  that  airpon 
might  provide  even  greater  benefit. 


ATC  BASIS  OF  THE  DEPENDENT  CONVERGING  INSTRUMENT  APPROACH 
PROCEDURE 

The  basic  principle  behind  DCIAs  is  to  coordinate  arrivals  on  converging  approaches  such 
that  the  two  aircraft  may  approach  the  runways  with  adequate  stagger.  In  the  unlikely  event 
that  the  aircraft  on  the  two  approaches  should  both  conduct  missed  approaches,  the  stagger 
provided  on  approach  is  designed  to  be  such  as  to  guarantee  that  the  aircraft  will  be  separated 
during  their  missed  approaches  without  requiring  any  further  intervention  by  the  controller. 
The  procedure  thus  guarantees  safe  passage  even  in  the  event  of  radio  and  radar  failure. 

DCIAs  provide  for  aircraft  separation  during  missed  approach  when  the  minimum  stagger  is 
achieve  as  the  leading  aircraft  reaches  its  runway  threshold  by; 


1.  Utilizing  straight-out  published  missed  approaches 


2.  Assuring  procedural  (i.e.,  non-radar)  separation  between  aircraft  and  protection 
from  wake  turbulence  during  missed  ^)proaches  by  requiring  that  there  exist  a 
minimum  stagger  between  arriving  aircraft  and 

3.  Establishing  values  for  the  required  stagger  on  approach  to  account  for  aircraft 
speed  and  perfrmnance  variations,  and  the  effects  of  different  runway 
geometries  and  winds 

The  DCIA  procedure  uses  provisions  already  contained  in  the  FAA  Air  Traffic  Control 
Controller's  Handbotric  (FAA  Order  71 10.65)  to  develop  requirements  for  the  safe  conduct  of 
DCIA  procedures,  utilizes  radar  contnri  procedures  to  achieve  the  necessary  stagger  on 
approach,  and  assures  adequate  separation  by  enforcing  non-radar  separaticm  standards  when 
radar  ot  radio  contact  is  lost  during  consecutive  missed  approaches. 


GENERAL  DESCRIPTION  OF  THE  IKHA  MODEL 

From  analyses  of  converging  consecutive  missed  approach  scenarios  it  was  determined  that 
the  primary  determinants  of  the  final  separation  between  aircraft  at  the  runway  centerline 
intersection  are: 

•  Initial  stagger 

•  Ground  speed  differential  of  the  two  aircraft 

•  Ground  speed  of  the  leading  aircraft 

•  Relative  accelerations  of  the  aircraft 

•  Wind  speed  and  direction  and 

•  Runway  geometry 

Distances  from  runway  thresholds  to  the  intersection  of  the  runways  (or  their  extended 
centerlines)  are  modeled  directly.  The  included  angle  between  the  converging  runway 
apim>aches  ar^  the  effects  of  the  wind  are  modeled  indirectly  by  assuming  worst-case 
geometries. 

In  the  DCIA  noodel,  the  approach  and  miss  profiles  of  a  given  aircraft  arc  considered  in  four 
phases: 


1.  An  aircraft  is  assumed  to  cross  the  outer  marker  at  some  fixed  nominal 
airspeed. 
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2.  Starting  at  the  outer  marker  the  aircraft  decelerates  at  a  constant  rate;  the  rate  is 
chosen  so  that  final  approach  airspeed  is  achieved  in  a  specified  distance. 

3.  The  aircraft  maintains  its  final  approach  speed  undl  it  reaches  its  missed 
approach  point 

4.  Starting  at  the  missed  approach  point  the  aircraft  accelerates  to  a  constant 
missed  approach  speed  determined  by  the  aircraft  type. 

Aircraft  are  assumed  to  fly  the  heading  of  the  runway  until  passing  the  runway  centerline 
intersection  after  executing  the  miss. 

The  DCIA  model  systematically  analyzes  combinations  of  pairs  of  aircraft  making  missed 
approaches  as  described  above.  The  DCIA  model  is  used  to  determine  the  conditions  under 
which  a  horizontal  separation  (in  the  case  of  a  leading  non-heavy  aircraft)  or  a  dme 
separation  for  wake  vortex  avoidance  (in  the  case  of  a  leading  heavy  aircraft)  is  required. 
The  DCIA  model  assures  adequate  separation  even  for  the  following  combination  of 
deleterious  events: 

•  The  leading  aircraft  misses  its  approach, 

•  The  stagger  between  the  aircraft  is  the  minimum  allowed, 

•  There  is  no  radio  contact  with  either  aircraft, 

•  The  trailing  aircraft  misses  its  approach, 

•  The  weather  conditions  preclude  "see  and  avoid"  techniques  by  either  aircraft, 

•  The  wind  conditions  are  such  that  the  wmst  allowable  wind  is  operative  at  the 
time  of  die  consecutive  missed  approach  event, 

•  For  some  reason  the  leading  aircraft  cannot  or  does  not  accelerate,  while  the 
trailing  aircraft  accelerates  to  the  intersection  even  though  dependent  staggered 
iqiproaches  are  in  effect,  and 

•  The  combination  of  aircraft  is  such  that  there  is  a  significant  speed  differential 
between  the  two  aircraft,  and  the  slower  aircraft  is  the  leading  aircraft. 


MODEL  VALIDATION  AND  IMPLEMENTATION 

The  missed  approach  was  developed  to  conform  to  reasonable  expectations  of 
knowledgeable  individuals  (in  this  case,  pilots,  operational  personnel,  and  FAA  stafO-  It  was 
based  on  previous  analyses  and  simulations  of  missed  approach  dynamics  including  a 
comparison  to  staged  consecutive  missed  approaches  conducted  at  St.  Louis  in  July  1991 
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using  actual  aircraft.  That  previous  work  was  reviewed  by  FAA  Technical  Center  staff 
whose  written  report  endorsed  the  methodology  and  findings  of  those  analyses  and 
simulations. 

The  DCIA  model  was  also  checked  for  internal  consistency  over  the  range  of  parameters  of 
interest  In  addition,  the  model  was  implemented  in  two  forms  with  one  implementation 
having  more  detailed  acceleration  assumptions  to  check  accuracy  of  the  models  and 
calculations.  The  differences  between  the  two  implementations  of  the  model  were 
negligible. 

The  model  relates  the  dynamics  of  missed  apprcaches,  runway  geometries,  staggo-  values, 
and  winds  to  the  resulting  aircraft  separations  at  the  intersection  of  the  runways  over  a  range 
of  values  of  the  pertinent  parameters.  The  FAA's  Air  Traffic  and  Flight  Standards 
oi^anizations  established  the  ranges  of  values  listed  in  table  ES-1  as  those  that  provide 
adequate  safety  and  reflect  the  expected  operational  and  environmental  conditions. 

The  parameters  in  table  ES-l  are  self-explanatory  with  the  exception  of  "Forms  of 
restrictions."  It  turns  out  that  only  a  subset  of  the  runway  geometries  can  support  all  of  the 
speed  groups  of  aircraft  using  a  particular  stagger  rule.  In  order  to  include  other  runway 
geometries,  certain  aircraft  need  to  be  restricted  to  a  particular  runway.  In  some  cases 
restricting  slower  approach  speed  aircraft  to  the  runway  with  the  shorter  threshold-to- 
intersection  distance  is  sufficient,  hi  other  cases  just  not  pairing  certain  groups  of  aircraft  is 
sufficient.  For  a  jiven  stagger  distance  thei**  are  some  very  fast  or  very  slow  aircraft  that  are 
exceptions  and  cannot  be  handled.  Therefore,  the  procedure  can  be  run  for  all  aircraft  except 
those  listed.  In  actual  operations  the  controllers  would  let  those  aircraft  land  but  a  larger 
stagger  would  be  necessary.  Combinations  of  these  restrictions  are  also  allowed. 


ANALYSIS  PROCEDURES 

For  any  two  runways  whose  extended  centerlines  intersect,  the  DCIA  model  yields  the 
distance  and  time  separations  of  the  aircraft  at  the  intersection.  The  analysis  proceeds  by 
assuming  combinations  of  values  for  the  operational  parameters  listed  in  table  ES-1  (except 
for  the  'Torms  of  restrictions”  and  "Minimum  separation  at  intersection").  The  DCIA  model 
finds  solutions  that  provide  adequate  separation  for  cases  in  which  the  leading  aircraft  (at  the 
start  of  the  scenario)  gets  to  the  intersection  first.  Separation  at  the  intersection  is  an  issue 
(Hily  to  the  extent  that  the  trailing  aircraft  is  faster  than  the  leading  aircraft.  Under  these 
conditions,  the  longer  the  runway  threshold-to-intersection  distances  are,  the  smaller  will  be 
the  separation  of  the  aircraft  at  the  intersection.  Therefore,  the  analysis  is  performed  by 
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Table  ES*1.  Parameters  for  the  Analysis  of  DCIAs 


Parameter 

Values 

Minimum  separation  at  intersection 

1  nmi  for  non-heavy  leading  aircraft 

76  seconds  for  heavy  leading  aircraft 

Included  angles  between  the  runways 

30  degrees  minimum 

120  degree  maximum 

174  kts 

Final  approach  airspeeds 

80  kts  minimum 

170  kts  maximum 

10  let  increments 

Missed  approach  acceleratitms 

Equivalent  to  the  maximum  effective 
acceleration  to  the  intersection  for  the 
aircraft  using  St.  Louis  with  a  maximum 
speed  of  250  kts 

Distance  from  runway  threshold-to- 
intersection 

0  feet  minimum 

27,300  feet  maximum 

100  foot  increments 

Winds 

30  kts  maximum 

15  kts  maximum  crosswind 

5  kts  maximum  tailwind 

Form  of  restrictions 

•  Restrict  x  kt  or  less  aircraft  to  runway 
with  shorter  threshold-to-intersecdon 
distance  (80^^120) 

•  Except  y  kt  or  greater  aircraft  (y^l60) 

•  Except  s  kt  or  less  aircraft  (s^90) 

•  Do  not  pair  z  kt  or  less  aircraft  leading 
with  y  kt  or  greater  aircraft  trailing 
(z^l  10,  yS160) 

•  Restrict  and  do  not  pair 

•  Restrict  and  except 

•  Except  and  do  not  pair 

Decision  Heiehts 

250, 500  and  700  feet 

Stagger 

2, 2.5  and  3  nmi  for  non-heavy  leading 
aircraft 

5  and  6  nmi  fca-  heavy  leading  aircraft 

determining  the  maximum  thiesho!d-to-intersection  distances  for  which  a  given  set  of 
restrictions  and  operational  parameter  values  suffice  to  meet  the  minimum  separadon-at- 
viitersection  requirements. 

This  pair  of  maximum  threshold-to-intersecdon  distances  (i.e.,  the  shorter  and  longer 
distances  from  threshold  to  intersection)  is  called  a  breakpoint  An  initial  taeakpoint  is 
determined  for  which  the  two  thre^old-to-intersection  distances  are  equal.  Then,  additional 
restrictions  and  larger  stagger  distances  are  imposed  to  obtain  larger  long-threshold-to- 
intersection  distance  taeakpoints.  Any  pair  of  runways  whose  short  and  long  threshold-to- 
intersection  distances  do  not  exceed  those  of  a  given  breakpoint  can  be  safely  operated  using 
the  operational  parameters  and  restrictions  that  determined  that  breakpoint. 


RESULTS 
General  Results 

As  described  above,  the  analysis  methodology  was  designed  to  find  those  ranges  of  runway 
threshold-to-intersection  distances  for  which  a  common  set  of  operational  conditions  would 
allow  a  safe  operatitm.  Each  set  of  operational  conditions  is  a  DOA  procedure.  An  example 
of  one  subset  of  these  procedures  is  shown  in  table  ES-2.  This  table  indicates  tiiat  for  a 
airpOTt  with  runways  whose  shorter  and  longer  lengths  from  the  mnway  threshold  to  the 
runway  intersection  point  are  as  shown  in  the  left-most  two  columns,  there  are  five  safe 
procedures  as  indicated  in  the  DCIA  Procedure  column.  As  the  required  stagger  (indicated 
in  the  parentheses)  becomes  greater,  the  restrictions  become  less  severe.  For  example,  the 
procedure  "None  (3,5)”  indicates  that  with  a  stagger  of  3  nmi  behind  a  non-heavy  aircraft 
and  5  nmi  behind  a  heavy  aircraft  all  aircraft  can  land  on  either  mnway  without  regard  to  the 
traffic  on  the  other  mnway  except  to  provide  the  required  stagger  (i.e.,  none  of  the  aircraft 
are  restricted).  An  ’’Excepted"  aircraft  is  (Mie  that  cannot  be  safely  accommodated  with  the 
given  stagger  values.  'The  rightmost  column  indicates  the  increased  stagger  that  is  necessary 
u>  accommodate  the  "excepted"  aircraft.  In  all  cases,  skipping  a  slot  in  back  of  an  "excepted" 
slow  aircraft  or  in  front  of  an  "excepted”  fast  aircraft  will  suffice  to  maintain  a  safe 
operadem.  If  the  procedure  does  not  involve  an  "excepted"  aircraft,  acklitional  stagger  is  not 
applicable  (denot^  NA). 

Tire  range  of  distances  from  threshold-to-intersection  in  table  ES-2  is  only  one  of  many  that 
were  found  with  the  DCIA  model.  Consider  the  continuum  of  longer  and  shorter  distances 
from  threshold-to-intersection  as  shown  in  figure  ES-2.  The  range  of  distances  in  table  ES-2 
is  depicted  in  figure  ES-2  as  the  shaded  cell.  Each  of  the  other  cells  in  figure  ES-2  have 
correspoixling  DCIA  procedures.  For  longer  and  shorter  threshold-to-intersection  distances 
not  covered  by  the  cells  in  figure  ES-2  there  is  no  DCIA  procedure. 
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Table  ES>2.  Example  of  a  DCIA  Procedure  for  Decision 
Height  of  250  Feet 


Shorter  Distance  from 
threshold  to  intersection 

Longer  Distance  from 
threshold  to  intersection 

DCIA  Procedure 
Stagger  aircraft  to  converging 
runways  using  indicated  stagger 
distance:  restrictions  noted 

Stagger  rule 
for  ’^cepted 
Aiicrafi" 

2601  ft  to  3400  ft 
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Figure  ES-2.  DCIA  Procedure  Regions  for  Decision  Heights  <  =  250  Feet 


The  dots  on  figure  ES-2  present  runway  configurations  anx>ng  the  top  100  airports  with  a 
potential  for  using  the  DCIA  procedure.  For  any  airport  that  wants  to  determine  a  DCIA 
procedure  that  would  be  applicable  to  that  airport,  the  appropriate  cell  and  the  corresponding 
DCIA  procedures  could  be  identified. 

Since  the  possible  DCIA  procedures  (i.e.,  restrictions  and  stagger  rules)  vary  with  decision 
height,  figures  ES-3  and  K-4  show  the  cells  for  decision  heights  between  250  and  500  feet 
and  between  500  and  700  feet,  respectively. 

Site-Spedfic  Results 

Runway  lengths,  the  included  angle  between  the  converging  runways,  and  the  decision 
height(s)  were  modeled  for  a  generic  rather  than  an  actual  site.  Also,  the  DCIA  analysis  was 
carried  out  with  a  simplified  acceleration  model.  These  simplifying  assumptions  lead  to 
DCIA  procedures  that  may  be  more  conservative  at  specific  sites  than  is  needed. 

As  an  example,  two  specific  sites  are  considered:  Chicago  OHarc  runways  27R  and  32L,  and 
Philadelphia  International  runways  9R  and  17.  The  runways  at  Chicago  OTiare  have  an 
included  angle  between  the  runways  of  approximately  50  degrees  which  results  in  more 
benign  winds  than  do  the  included  angles  assumed  in  the  general  DQA  model.  The 
Philadelphia  runways  are  an  example  of  an  asymmetry  in  distance  from  the  threshold  to  the 
intersection  for  which  the  general  model  yields  very  conservative  results. 

The  general  results  would  require  a  3  nmi  stagger  behind  non-heavy  aircraft  in  the  Chicago 
example.  With  site  specific  modeling  and  with  a  knowledge  of  the  type  of  traffic  that 
primatily  uses  Chicago  O'Hare,  a  2  nmi  stagger  behind  non-heavy  aircraft  is  possible.  Fot 
the  Philadelphia  configuration,  the  general  results  would  require  a  2.5  nmi  stagger  behind 
non-heavy  aircraft  and  a  6  nmi  stagger  behind  heavy  aircraft.  With  site-specific  modeling, 
an  asymmetric  stagger  could  be  used  to  increase  the  arrival  rate  at  the  airport. 


RECOMMENDATIONS 

Recommendations  for  Imptementation 

* 

The  DCIA  procedure  is  capable  of  supporting  the  DCIA  concept  in  the  current  ATC 
enviremment  at  a  significant  number  of  airports  using  available  technology.  The  conditions 
under  which  the  procedure  can  be  run  have  been  develqred.  Although  the  procedure 
definitions  are  not  unique,  they  are  easy  to  implement  at  various  facilities.  For  this  reason, 
we  recommend  that  the  implementation  of  the  DCIA  procedure  through  an  FAA  order  be 
based  on  the  procedures  developed  in  this  report. 
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Figure  ES-3.  DCIA  Procedure  Regions  for  Decision  Heights  >  250  feet  and  <  =  5(X)  Feet 
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Because  the  general  procedures  are  very  conservative,  sonae  facilities  would  benefit  from 
site-specific  analysis.  Therefore,  we  recommend  that  for  those  airports  with  significant 
traffic  levels  or  with  other  unique  considerations  (e.g..  the  runway  with  the  shelter  threshold- 
to-intersection  distance  is  really  the  airpon's  main  runway)  procedures  be  based  on  site- 
specific  analysis  rather  than  the  generic  analysis. 

Recommoidatioiui  for  Future  Work 

The  procedure  as  discussed  in  this  document  is  designed  to  be  simple  for  easy  operational 
use  in  the  current  system.  It  contains  several  restrictions  that  are  considered  necessary  for  a 
first  step.  Many  of  the  constraints  make  the  i»iocedure  somewhat  conservative  and 
enhancements  are  possible  to  make  it  more  efficient  or  applicable  to  more  geometries 
without  compromising  the  safety  of  its  operation.  Such  enhancements  will  need  further 
research  and  study,  and  in  some  cases  will  require  additional  prototyping  and  simulations  to 
determine  their  viability.  We  recommend  that  areas  of  possible  enhancements  such  as  those 
listed  below  be  cmisidered: 

1.  DCIAs  for  non-precisi<m  approaches  --  develop  procedures  for  other  than 
straight-in  precision  approaches  such  as  Instrument  Landing  System  (ILS)  or 
Microwave  Landing  System  (MLS)  approaches 

2.  Site-specific  variable  and  asymmetric  stagger  values  -  develop  procedures  that 
do  not  assume  that  all  stagger  distances  are  the  same 

3.  Speed  difference  stagger  values  —  develop  procedures  that  are  based  on  ground 
speeds  rather  than  airspeeds 

4.  Turning  missed  approaches  ~  develop  procedures  which  do  not  constrain  the 
DCIA  procedure  to  require  published  straight-out  missed  approaches 

5.  Goal-based  procedure  -  develop  a  procedure  that  would  allow  the  controller  to 
adjust  the  stagger  to  account  for  differences  in  aircraft  speed  and  winds  and  still 
meet  the  safety  goals 

6.  Cockpit  traffic  display  --  develop  a  procedure  that  would  take  advantage  of 
self-separation  provided  by  the  pilot  using  a  cockpit  traffic  display 

7.  Risk  analysis  ~  develop  a  procedure  which  is  based  on  the  experience  of  DCIAs 
to  relax  the  extremely  conservative  nature  of  the  procedures  described  in  this 
analysis 
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SECTION  1 


INTRODUCTION 


1.1  BACKGROUND 

When  an  aiqxxt  experiences  low  ceiling  or  visibility  conditions  the  arrival  ct^acity  of  the 
airport  is  significantly  reduced.  This  is  particularly  true  at  airports  that  use  both  their  main 
runway  and  their  crosswind  runway  in  Visual  Meteorological  Conditions  (VMC).  For  these 
airpOTts  the  capacity  is  effectively  reduced  to  that  of  a  single  runway  (^)eration  in  Instrument 
Meteorologicsd  Coitions  (IMC).  The  consequence  of  this  is  an  increase  in  air  traffic 
delays. 

In  1986  the  Federal  Aviation  Administration  (FAA)  issued  Order  71 10.98  (FAA,  1986)  that 
instituted  Simultaneous  Converging  Instrument  Approaches  (SCIA).  That  order  allows 
airpmts  with  converging  runways  to  conduct  operations  to  both  runways  in  IMC  provided 
certain  constraints  are  satisfied.  The  procedure  provides  for  the  safety  of  the  simultaneous 
<^)erations  with  turning  missed  approaches  and  requires  that  missed  approach  points  be 
moved  so  that  they  are  separated  by  at  least  3  nmi  and  the  associated  Terminal  Instrument 
Procedures  (7ERPS)  surfaces  do  not  overiap.  Because  of  these  requirements,  the  minima  for 
SCIAs  tend  to  be  quite  high  because  the  protection  areas  cannot  overlap.  The  order  also 
limits  the  operations  to  a  minimum  of  700  feet  ceiling  and  2  mile  visibility  fen-  intersecting 
runway  geometries.  To  date  only  four  airpots  (Philadelphia,  Dallas-Ft.  Worth,  Denver,  and 
Washingum  Dulles)  have  utilized  the  provision  of  this  order  to  reduce  the  mi.iima  to  which 
they  may  use  their  converging  or  intersecting  runways. 

In  the  1980s  another  concept  for  conducting  approaches  to  converging  ninways  was 
proposed  (Newman  et  al,  1981,  Mundra,  1987,  and  Lisker,  1988).  In  its  final  version,  this 
procedure  (Mundra  and  Danz,  1990)  called  for  coordinating  the  approaches  to  the  two 
ninways  such  that  a  stagger  between  the  aircraft*  is  maintained.  This  stagger  would  insure 
that  if  both  aircraft  had  to  miss  their  apivoaches,  separation  between  them  would  be 
guaranteed  even  at  the  intersection  of  their  flight  paths.  This  procedure,  which  is  named  the 
Dependent  CcHiverging  Instrument  Approach  (DQA),  is  predicated  on  protecting  against 
straight  out  missed  approaches,  and  the  minimum  requir^  stagger  distance  is  set 
accordingly. 


1  A  stagger  between  aircraft  is  the  difference  between  the  distance  of  one  aircraft  from  the 
runway  centerline  intersection  point  and  the  distance  of  the  other  aircraft  fiom  the 
runway  (interline  intersection  point. 
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Experience  in  the  laboratory  has  shown  (Mundra  et  al,  1989)  that  setting  up  and  maintaining 
such  a  stagger  is  a  skill  that  is  difficult  for  controllers  to  apply  ccmsistently.  Therefore  an 
automation  aid  to  assist  ctMitrollers  in  achieving  the  required  stagger  was  proposed  (Mundra, 
1988).  This  aid  has  become  known  as  the  Ccmverging  Runway  Display  Aid  (CRDA).  The 
aid  can  be  described  with  reference  to  figure  1-1.  for  every  Aircraft  A  on  approach  to  one 
runway  (Rl)  there  is  a  ghost  target  GA  displayed  along  the  other  approach  path  (P2)  for 
ccmvnging  Runway  R2.  The  distances  of  the  ghost  target  GA  and  the  real  target  A  from  the 
point  of  intersecticMi  of  the  two  runways  or  their  extended  centerlines  are  equal.  The  display 
positi<»i  of  the  ghost  target  is  updated  every  scan  along  with  the  update  of  the  real  target. 
Aircraft  B  is  the  trailing  aircraft  on  the  converging  approach.  The  controller  is  required  to 
establish  a  spacing  between  the  ghost  target  GA  and  Aircraft  B.  Providing  such  spacing 
between  a  r^  aircraft  and  a  ghost  target  results  in  assuring  the  required  stagger  between  the 
real  aircraft.  The  vectoring  of  an  aircraft  to  follow  another  target  on  a  radar  scope  is  a 
controUer  skill  that  is  highly  developed. 

The  results  of  labtvatory  simulations  with  FAA  controllers  showed  that  controllers  were  able 
to  use  ghost  targets  for  staggering  aircraft  on  converging  approaches  (Mundra,  1989). 
Additional  simulations  with  FAA  controllers  showed  that  not  only  was  the  staggering 
feasible  but  it  could  also  lead  to  an  Instrument  Meteorological  Condition  (IMC)  arrival 
capacity  increase  of  over  20  percent  (Baricer,  1990). 

In  January  1990,  the  FAA's  Terminal  ATC  Automation  (TATCA)  Program  and  the  FAA's 
Air  Traffic  Service  started  evaluating  DCIAs  supported  by  CRDA  at  Sl  Louis-Lambert 
International  Airport  A  special  software  modification  (or  "patch”)  was  specified  for  the 
ARl^  niA  computer  at  St  Louis  to  display  "ghost  targets"  on  the  controller  displays 
(Feldman,  1990)  and  was  coded  at  the  FAA  Technical  Center  (FAATQ.  The  evaluation  was 
cmiducted  according  to  an  evaluation  plan  that  called  for  operations,  first  in  VMC,  followed 
by  operations  in  IMC  (Gilligan,  1991).  Prior  to  the  operations  in  IMC,  a  computer 
simulation  of  consecutive  missed  approaches  to  St  Louis'  runways  24  and  30R  was  run  and 
the  results  showed  that  the  stagger  of  2  nmi  behind  a  non-heavy  aircraft  and  5  nmi  behind  a 
heavy  aircraft  would  produce  acceptable  separations  at  the  intersection  (Barker,  1992)  as 
long  as  aircraft  approaching  slower  than  100  kts  were  restricted  to  runway  24.  This 
simulation  was  followed  by  a  successful  demonstration  in  July  1991  at  St  Louis  using  real 
aircraft  After  comxlination  with  the  user  conmiunity,  the  FAA  issued  an  Air  Traffic 
authorization  (a  "waiver")  to  St  Louis  to  conduct  DCIAs  to  its  runways  30R  and  24  in  IMC 
(FAA,  1991).  This  authorization  established  the  minimum  stagger  values  and  restrictions 
diat  St  Louis  must  use  in  order  to  conduct  DCIAs  to  its  runways  30R  and  24.  This 
authorization  was  issued  only  for  runways  30R  and  24  at  St.  L^is  and  was  based  on  an 
analysis  and  simulation  of  that  specific  geometry. 
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Figure  1-1.  The  Converging  Runway  Display  Aid  Concept 


The  evaluatton  at  St  Louis  was  successfully  completed  in  the  spring  of  1992  (Gilligan, 
1992).  Activities  are  currently  underway  to  implement  the  CRDA  automation  nationally 
(Feldman,  1992).  At  least  20  of  the  tc^  ICX)  airpofts  in  the  United  States  have  configurations 
and  instrumentation  that  would  enable  them  to  take  advantage  of  the  DCIA  procedure.  An 
important  element  of  this  implententation  process  is  the  development  of  a  DCIA  procedure 
applicable  to  all  eligible  airports. 


1.2  PURPOSE 

The  purpose  of  this  paper  is  to  develop  a  DCIA  procedure  applicable  to  any  runway 
geometry.  The  procedure  is  defined  and  model^  to  capture  its  safety-critical  aspects.  From 
this  analysis  recommendations  are  made  contteming  the  stagger  values  and  other  factors 
relevant  to  applying  this  procedure  safely  to  any  runway  geometry. 


13  SCOPE 

This  paper  discusses  the  procedural  and  safety  aspects  of  the  DCIA  procedure  rather  than 
issues  pertaining  to  automating  the  CHID  A.  The  analysis  presented  in  this  paper  deals  with 
the  DCilA  procedure  as  it  applies  m  any  runway  conriguration  in  general.  Worst  case 
considerations  are  used  as  the  basis  of  this  gen^  analysis.  The  analysis  results  in  a  look-up 
table  such  that  the  DCIA  procedure  for  any  given  runway  conriguratioti  can  be  determined 
from  its  geometry.  An  example  of  applying  this  table  to  a  number  of  candidate  airports  is 
included.  Finally,  some  qiecific  examples  are  also  provided  u>  illustrate  the  point  that  a 
more  specific  analysis  for  individual  airports  can  help  reduce  certain  restrictions  otherwise 
necessary  in  the  general  procedure. 


1.4  AUDIENCE 

It  is  assumed  that  the  reader  of  this  paper  is  knowledgeable  about  ATC  in  general  and 
terminal  area  operations  in  particular.  The  information  in  this  paper  is  developed  for  the 
procedure  development  organization  in  the  FAA  Headquarters  as  well  as  for  use  as  reference 
material  by  the  planning  and  procedures  staffs  at  the  facilities. 
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ATC  BASIS  OF  THE  DEPENDENT  CONVERGING  INSTRUMENT  APPROACH 

PROCEDURE 

2.1  BACKGROUND  AND  PRINCIPLES 

Newman,  ct  al.  (1981),  Mundra  (1987),  and  Lisker  (1988)  describe  early  studies  relevant  to  the 
DOA  ctmcept  Mundra  and  Danz  (1990)  describe  the  basic  form  of  this  procedure  used  for 
developing  the  authorization  for  the  DCIA  evaluation  conducted  at  St.  Louis  ^m  1990  to  1992. 
Mimn-  modificadtms  to  the  procedure  as  described  by  Mundra  and  Danz  (1990)  and  die 
necessary  additional  analyses  led  to  the  authorizadon  issued  to  St.  Louis  for  operadng  DCIAs  to 
its  runways  30R  and  24.  A  ct^y  of  this  authorizadon  is  included  n  appendix  F.  The 
assumpdons  used  to  develop  this  authorizadon  also  form  the  basis  for  the  analysis  presented  in 
this  repent  which  addresses  the  development  of  a  DQA  procedure  applicable  to  any  runway 
gemnetty. 


The  basic  principle  behind  DCIAs  is  to  coendinate  arrivals  on  converging  t^iproaches  such 
that  the  two  aircraft  may  approach  the  runways  with  a  certain  amount  of  stagger.  In  the 
unlikely  event  that  the  aircraft  (xi  the  two  approaches  should  both  conduct  missed 
approaches,  the  stagger  provided  on  approach  is  designed  to  be  such  as  to  guarantee  that  the 
aircraft  will  be  separated  during  their  missed  approach  without  requiring  any  further 
intervendon  by  the  controller.  The  procedure  Aus  guarantees  safe  passage  even  in  the  event 
of  a  radio  failure  and/or  a  radar  failure. 

The  experience  with  SCIAs  has  indicated  that  in  (xder  to  reduce  the  potendal  of  pilot 
confusicxi,  it  is  preferable  to  require  one  set  of  approach  plates  for  a  runway  regardless  of 
whether  the  runway  is  used  singly  or  in  a  converging  configuradon.  The  experience  with 
SCIAs  has  also  indicated  that  whenever  possible,  straight  out,  rather  than  turning,  missed 
approaches  are  desirable  so  that  the  aircraft  will  not  be  in  a  "belly  up"  configuradon  towards 
each  otte^  during  their  missed  approaches.  Straight  out  missed  approaches  also  generate  less 
workload  for  pilots,  and  inheiendy  provide  greyer  protecdon  against  late  missed 
approaches.  Finally,  it  should  be  noted  that  even  when  the  published  procedure  is  a  turning 
missed  approach,  busy  Terminal  Radar  Approach  Control  facilides  (lllACONs)  generally 
prefer  to  issue  vecttxs  for  straight  out  miss^  approaches  when  the  aircraft  is  in  radar 
control. 


DCIAs  provide  fex  aircraft  separadem  during  missed  approach  by: 
1.  Udlizing  straight  out  published  missed  approaches 


2.  Assuring  procedural  (i.e.,  non-radar)  separation  between  aircraft  and  protection 
from  wake  turbulence  during  missed  approaches  by  requiring  that  there  exist  a 
certain  stagger  between  arriving  aircraft,  and 

3.  Establishing  values  for  die  required  stagger  on  approach  to  account  for  aircraft 
^)eed  and  perfmmance  variations,  and  the  effects  of  different  runway  geometries 
aiui  winds 

In  addition,  the  procedure  addresses  the  questions  of  adequate  separation  on  approach. 

Figure  2-1  illustrates  the  DCIA  concept.  Thr_A  and  Thr_B  are  die  runway  thresholds  for 
runways  A  and  B.  reflectively.  When  an  aircraft  ACl  reaches  Thr.A,  the  next  aircraft 
fiproaching  runway  B  is  required  to  be  a  certain  stagger  distance  behind  on  its  approach. 
When  an  aircraft  fiproaching  runway  B  is  the  lead  aircraft,  the  next  aircraft  approaching 
runway  A  is  similarly  required  to  be  staggered  by  a  specific  amount  Straight  out  missed 
approaches  are  used.  If  both  aircraft  should  conduct  missed  approaches,  their  flight  paths 
would  cross  at  point  P  where  the  runway  centerlines  or  their  extensions  meet  Point  P  is 
therefore  the  reference  point  with  respect  to  which  protection  must  be  provided.  D1  and  D2 
are  distances  of  ACl  and  AC2  from  point  P.  The  stagger  distance  between  the  two  aircraft 
is  defined  as  (D2-D1).  The  DCIA  procedure  establishes  the  minimum  required  values  for 
the  stagger  such  that  in  all  cases  of  runway  lengths,  included  angles  between  the  runways, 
individual  aircraft  s^eed  differences,  aircraft  types  and  winds  (1)  the  two  aircraft  will  be 
adequately  separated  both  on  approach  and  missed  apinoach,  and  (2)  the  trailing  aircraft  will 
be  provided  adequate  wake  vortex  separaticm  from  the  preceding  aircraft  when  wake  vOTtex 
is  a  factcx*. 

The  minimum  stagger  separation  is  required  to  be  satisfied  when  the  leading  aircraft  reaches 
its  runway  threshold.^ 

2J  ATC  BASIS 

The  DCIA  procedure  largely  utilizes  provisions  already  contained  in  the  FAA  Air  Traffic 
Control  Or^  71 10.6SF  (FAA,  1991)  to  develop  requirements  for  the  safe  conduct  of  the 


1  It  should  be  noted  that  Mundra  and  Danz  (1990)  describe  the  DCIA  concept  with  respect 
to  missed  approach  points,  i.e.,  require  that  the  stagger  be  established  at  the  missed 
fipioach  point  Most  other  terminal  separation  standards  are,  however,  enf<m;ed  at  the 
threshold.  It  was  therefore  determined  by  the  FAA  that  the  stagger  for  DCIAs  be 
required  at  the  threshold  rather  than  at  the  missed  approach  point  of  the  leading  aircraft. 
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converging  approaches  envisioned  in  DQA.  In  essence,  the  DCIA  procedure  utilizes  radar 
control  procedures  to  achieve  die  necessary  stagger  on  approach  and  assures  adequate 
separaticm  by  enforcing  non-radar  separation  standards  when  radar  contact  is  lost  during  a 
simultaneous  missed  apinoach. 

The  following  paragraphs  of  FAA  Order  71 10.65F  form  the  basis  for  this  procedure: 

Paragr^h  3-91  Touch  and  go  or  stop  and  go  or  low  approach 
Paragraphs  3-108  and  3-123  Intersecting  Runway  separation 
Paragraph  6-10  Minima  on  diverging  courses 
Paragn^h6-64  Interval  Minima 

The  following  parf.graphs  are  also  relevant: 

Paragraph  5-114  Departure  and  arrival 
Paragnqih  3-84  Precision  approach  critical  area 
Paragraph  3-104, 3-127  Anticipating  separation 

And  the  following  paragraph  is  affected 

Paragraph  5-72 

Paragraph  3-91  establishes  that  arrival  aircraft  that  make  a  low  approach,  i.e.,  missed 
approach,  are  considered  departures  once  they  have  crossed  the  landing  threshold, 
l^refore,  the  procedures  governing  departure  aircraft  are  used  in  determining  the  standards 
fwDCIA. 

Paragraph  3-108  states  that  controllers  must  separate  departing  aircraft  from  an  aircraft  using 
the  intersecting  runway,  oc  non-intersecting  runways  when  the  flight  paths  intersect,  by 
ensuring  that  a  departure  does  not  begin  takeoff  roll  until  the  preceding  non-heavy  aircraft 
has  departed  and  passed  the  intersection,  or  for  aircraft  taking  off  behind  a  heavy  jet,  two 
minutes  after  the  heavy  jet  begins  takeoff  roll. 

Figure  2-2  depicts  the  safety  parameters  of  interest  in  greater  detail.  Let  SEP  be  the  distance 
between  the  aircraft  when  the  leading  aircraft  is  at  the  point  of  intersection  (see  figure  2-2B). 
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Figure  2-2.  Parameters  of  Safety 


SEP  is  then  the  minimuin  distance  achieved  between  the  aircraft  in  case  of 
simultaneous/consecutive  straight  out  missed  approaches  before  they  start  diverging.^ 

At  a  point  of  time  somewhat  later  than  this,  the  trailing  aircraft  intercepts  the  path  of  the 
leading  aircraft  at  the  point  of  intersecticm  of  the  runways  cm*  the  extend  centerlines.  It  is 
here  that  the  trailing  aircraft  may  experience  the  wake  of  the  leading  aircraft  unless  adequate 
separation  is  provided.  The  time  elapsed  since  the  leading  aircraft  passed  the  intersection  is 
the  parameter  by  which  adequate  wt^e  turbulence  protection  may  be  measured. 

When  wake  vtxtex  protection  is  not  an  issue,  i.e.,  when  the  leading  aircraft  is  not  heavy,  the 
separation  at  die  intersection,  SEP,  would  have  to  be  at  least  as  much  as  the  runway  length  of 
the  aircraft  on  the  trailing  runway,  as  per  a  strict  application  of  paragraphs  3-91  and  3-108. 
This,  however,  would  lead  to  an  inconsistent  separation  standard  in  case  of  consecutive 
missed  tqiproaches  depending  upon  which  aircraft  were  leading.  When  an  aircraft  on  the 
runway  with  the  Icmger  distance  to  intersection  were  leading,  a  distance  shorter  than  when  it 
were  trailing  would  be  acceptable.  A  unifonn  minimum  requirement  of  1  nmi  was  therefore 
established  by  the  FAA  fw  the  value  of  SEP  for  this  analysis.  The  procedure  thus  requires  a 
stagger  distance  such  that  in  the  event  of  simultaneous  missed  approaches  when  the  leading 
aircraft  is  not  heavy,  the  aircraft  will  still  be  separated  by  at  least  1  nmi  before  they  start 
diverging,  even  when  there  is  a  radio  or  radar  failure. 

The  2  minute  rule  in  paragraph  3-108  establishes  the  point  in  time  that  a  succeeding  aircraft 
may  be  issued  a  take-o^  clearance  after  a  leading  heavy  aircraft  on  an  intersecting  runway 
has  begun  its  departure  roll.  The  actual  time  elapsed  between  two  departing  aircraft  crossing 
the  same  point,  however,  depends  upon  the  runway  geometry.  This  is  illustrated  in 
figure  2-3.  ACl,  a  heavy  aircraft,  is  the  first  one  cleared  for  take-off.  AC2  is  cleared  to 
take-off  2  minutes  after  ACl  begins  its  take-off  roll.  Suppose  that  Ttor  is  the  time  taken  by 
aircraft  AC2  to  begin  its  take-off  roil  after  a  take-off  clearance  has  been  issued  to  it;  and 
suppose  that  Trl  and  Ti2  are  the  times  taken  by  ACl  and  AC2  to  travel  from  their  respective 
runway  thresholds  where  they  stan  their  take-off  rolls,  to  the  intersection  point  P.  The 
actual  time  elapsed,  DT,  between  when  aircraft  AC2  and  ACl  cross  the  intersection  point,  P, 
is  (2  minutes-f-Ttor-Trl'fTr2).  Gearly,  if  Runway  1  is  significantly  longer  than  Runway  2, 
then  DT  may  be  less  than  2  minutes.  In  other  words,  the  ”2  minute  rule"  of  paragraph  3-108 


2  Diverging  takes  place  after  the  first  aircraft  passes  the  intersection  in  front  of  the  second 
aircraft  The  separation  between  the  aircraft  can  still  decrease  if  the  trailing  aircraft  is 
faster,  but  the  situation  is  considered  to  be  safe  because  the  aircraft  are  now  on  diverging 
courses  and  the  second  aircraft  will  pass  in  back  of  the  first  aircraft 
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Figure  2-3.  Time  Difference  Between  Successive  Departures  when  Departure  Paths  Intersect 


provides  safe  separation  behind  heavies  in  the  current  system  even  when  the  actual  time  to 
cross  the  flight  path  of  the  leading  heavy  aircraft  is  less  than  2  minutes. 


An  effort  was  made  to  determine  representative  values  of  actual  flight  path  crossing  times 
behind  heavy  aircraft  observed  in  the  system  today.  Appendix  D  documents  data  collected  at 
St.  Louis  for  this  purpose.  It  was  obs^ed  that  in  implementing  the  current  wake  vortex 
separation  standards  for  aircraft  in  trail,  a  succeeding  aircraft  passed  a  point  in  space  that  a 
heavy  aircraft  had  crossed  76  seomds  after  the  heavy  aircraft.  It  is  generally  believed  that 
the  wake  encountered  in  crossing  encounters  is  less  severe  than  that  encountered  in-trail.  In 
the  interest  of  ccmservatism,  however,  it  was  established  by  the  FAA  for  this  analysis  that  a 
minimum  of  76  seconds  elapsed  time  (DT  in  figure  2-3)  would  be  required  between  aircraft 
on  converging  missed  approaches  when  the  leading  aircraft  is  heavy. 

Paragraph  6-10c(2),  dealing  with  the  initial  separation  ot  successive  departing  aircraft, 
specifies  non-radar  separation  standards  fix'  intersecting  runways  and  states  that  controllers 
may  authorize  takeoff  of  succeeding  aircraft  when  the  preceding  aircraft  has  passed  the  point 
of  runway  intersection,  that  the  runways  diverge  by  30  degrees  or  more,  and  that  the 
departure  courses  diverge  by  at  least  45  degrees.  This  established  the  requirement  in  DCIAs 
for  runways  to  have  a  minimum  included  angle  of  30  degrees  and  missed  approach 
procedures  for  the  converging  approaches  have  at  least  45  degrees  course  divergence. 

An  upper  limit  of  angle  between  runways  of  120  degrees  was  established.  This  provided  a 
range  (90  degrees)  of  angles  between  runways  for  which  the  DCIA  procedure  could  be  used 
without  the  encounter  geometry  becoming  nearly  "head-on". 

Paragraph  3-123  establishes  the  requirements  for  separation  on  intersecting  runways.  Those 
requirements  address  runway  separation  in  general,  and  apply  to  VFR  as  well  as  I^ 
conditions.  Thus,  when  dependent  converging  IFR  approaches  are  in  use  for  intersecting 
runways,  paragraph  3-123  establishes  the  requirements  that  must  be  satisfted  regarding 
runway  separaticm.  It  establishes  such  standards  as  prohibiting  an  aircraft  from  crossing  the 
threshold  on  one  runway  until  an  aircraft  on  the  intersecting  runway  has  passed  the  runway 
intersection,  or  taxied  off  the  runway,  tx  has  completed  the  landing  roll  and  will  hold  short 
of  the  intersectitm.  In  general,  the  staggering  of  aircraft  on  approach  will  aid  the  tower  in 
satisfying  the  requirements  of  paragraph  3-123.  If,  however,  a  particular  aircraft  pair  or  a 
runway  geometry  should  require  additional  stagger  than  that  ne^ed  for  the  DCIA  procedure 
in  Older  to  assure  runway  separation  requirements  of  paragraph  3-123,  the  facility  and  the 
controller  would  be  expected  to  implement  the  necessary  adjustments. 
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It  should  be  noted  that  the  FAA  is  in  the  process  of  revising  the  provisions  of  paragraph 
3-123,  in  particular  the  hold  short  requirements  in  IFR  conditicms.  If  and  when  such  changes 
are  inq>lemented,  the  revised  provisions  would  apply  to  the  DQA  operation  for  intersecting 
ninways. 

The  minimum  allowable  stagger  distance  was  set  at  2  nmi  for  this  analysis.  A  2  nmi  stagger 
with  respect  to  the  intersection  guarantees  a  minimum  of  2  nmi  separadon-in-space  for  all 
applicable  gecmietries  for  when  the  leading  aircraft  crosses  its  threshold.  2  nmi-in-space  is 
the  separation  currently  required  for  aircraft  on  straight-in  precision  {q)pr(^hes  for  parallel 
(dependent)  (^lerations.  Although  it  could  be  argued  that  the  aircraft  in  the  dependent 
parcel  c^radons  are  established  on  parallel  courses  when  a  2  nmi  in-space  separadon  is 
provided,  the  exposure  to  this  minimum  spacing  is  over  a  long  distance  and  dme,  typically  7 
to  IS  nmi  on  final,  depending  on  the  airport.  In  contrast,  the  minimum  in-space  separadon 
between  aircraft  on  converging  approaches  will  only  be  for  a  shmt  dme  at  the  point  when  the 
leading  aircraft  reaches  its  threshold. 

Figure  2-4  shows  the  dependence  of  the  in-spu:e  separadon  between  aircraft  on  a  converging 
runway  approaches  on  the  included  angle  between  the  runways  and  the  distance  from  the 
intersecdon  of  the  leading  aircraft.  Fot  a  60  degree  included  angle  between  the  runways  and 
the  leading  aircraft  at  its  runway  threshold  (where  the  stagger  is  enforced)  l.S  nmi  from  the 
intersecdon,  the  in-space  separadon  between  the  aircraft  when  they  are  staggered  by  2  nmi  is 
more  than  3  nmi.  In  effect,  then,  the  2  nmi  minimum  stagger  requirement  for  dependent 
parallel  operadons  establishes  that  the  separadon-in-space  between  airborne  aircraft  on 
converging  approaches  never  be  less  than  2  nmi.  This  requirement  which  will  appear  in  the 
nadonal  DCIA  order  will  effecdvely  modify  the  radar  separadon  requirements  of  paragraph 
5-72  for  aircraft  on  precision  converging  approaches  in  the  same  way  that  paragraph  5-125 
modifies  paragraph  5-72  for  aircraft  conducdng  dependent  parallel  operadons. 

Figure  2-2c  also  shows  the  distance  SW  between  the  aircraft  when  the  trailing  aircraft 
reaches  the  intersecdon.^  If  the  aircraft  speeds  were  equal  and  remained  unchanged  during 
their  missed  approaches,  the  distance  SEP  and  SW  would  both  equal  the  stagger.  Due  to 
differences  between  aircraft  {q)proach  ^)eeds  and  speed  changes  during  missed  approach, 
however,  the  separadons  achieved  (SEP  and  SW)  would  be  somewhat  different  firom  the 
stagger  {novided  at  the  threshold.  Both  the  ground  speeds  of  the  individual  aircraft  during 
the  encounter  and  the  distances  traveled  during  the  encounter  affect  the  degree  to  which  the 
achieved  separadon  at  the  intersecdon  is  different  from  the  stagger  separadon  provided  at  the 


3  The  distance  SW  between  the  aircraft  when  the  trailing  aircraft  reaches  the  intersecdon  is 
also  another  possible  parameter  by  which  adequate  wake  vortex  protecdon  may  be 
measured. 
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Figure  2-4,  Distance  in  Space  for  Aircraft  on  Staggered  Converging  Approches 

with  a  2  nmi  Stagger 


threshold.  Therefore,  individual  aircraft  approach  and  missed  approach  speeds,  winds,  and 
distances  of  the  threshold  to  the  intersection  are  the  primary  paranteters  affecting  the  stagger 
required  for  adequate  separation. 

Paragraph  6-64  in  FAA  Order  71 10.6SF  describes  how  controllers  are  required  to  make 
placing  adjustments  to  take  into  account  relative  speed&  of  aircraft  and  existing  weather 
conditions  to  satisfy  die  interval  minima  for  timed  approaches.  Controllers  could  similarly 
be  expected  to  adjust  the  stagger  required  for  DOA  approaches  such  diat  the  separation  at 
the  intersecticm  in  case  of  consecutive  missed  approaches  would  be  1  nmi  when  the  leading 
aircraft  is  non-heavy,  and  2  minutes  when  the  leading  aircraft  is  heavy.  Thus,  if  the  two 
converging  aircraft  were  approaching  the  airport  at  compatible  final  approach  speeds  and 
winds  were  calm,  then  a  2  nmi  stagger  on  approach  would  be  expected  to  provide  about  a  2 
nmi  separation  at  the  intersection  in  case  of  simultaneous/consecutive  missed  approaches. 

On  the  other  hand,  if  the  two  aircraft  had  approach  ^leeds  differing  by  60  kts  (say  the 
leading  aircraft  was  flying  at  90  kts  and  the  trailing  aircraft  at  ISO  kts,  respectively),  the 
winds  were  calm,  and  the  runways  were  both  1  nmi  long  to  the  intersection,  then  in  the  event 
of  a  consecutive  missed  approach,  depending  upon  the  missed  approach  performance,  over 
one-half  nmi  of  the  stagger  on  approach  may  be  lost  by  the  time  the  lead  aircraft  reaches  the 
intersection,  resulting  in  a  little  over  1  nmi  separation  at  the  intersection. 

Since  missed  approaches  are  rare  events,  it  was  determined  that  more  explicit  guidance  be 
m^e  available  to  controllers  about  the  stagger  required  on  approach  such  that  if  satisfied, 
then  even  in  the  \vorst  cases  of  winds  and  aircraft  speed  differentials,  a  simultaneous 
unavailability  of  either  radar  or  radio,  and  simultaneous  (i.e,  consecutive)  missed 
approaches,  the  aircraft  would  still  be  safely  separated  at  the  intersection. 

This  paper  documents  the  analysis  and  recommendations  regarding  the  stagger  values 
required  at  the  threshold  to  satisfy  the  separatitm  requirements  established  above.  The 
recmnmended  stagger  distances  on  approach  are  desired  in  a  form  such  that,  given  typical 
aircraft  arrival  streams,  the  TRACON  and  tower  controllers  would  be  able  to  determine  the 
spacing  to  be  provided. 

The  procedure  analyzed  here  assumes  straight-in  precision  approaches  (i.e.,  ELS  or  MLS) 
with  or  without  an  operating  glide  slope.  Additional  analysis  would  be  required  to  extend 
the  procedure  far  other  non-precision  approaches  or  to  angled  approaches. 


2J  MISCELLANEOUS 

It  should  be  noted  that  paragraph  5-1 14  establishes  rules  for  radar  separation  of  arrivals  and 
(tepartures. 
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Paragraph  3'84  restricts  an  aircraft  to  be  outside  the  outer  maiicer  when  another  aircraft  is  in 
an  ILS  critical  area.  If  a  ccmverging  configuration  creates  a  geometry  such  that  an  aircraft 
on  one  approach  may,  upon  landing,  pass  through  the  ILS  critical  area  of  the  other  approach, 
the  DQA  operation  foe  that  configuration  would  be  limited  to  the  appropriate  higher  minima 
of  800  ft  ceiling  and/or  2  mi  visibility. 

Paragraphs  3-104  and  3-127  (anticipating  separation)  enable  controllers  to  issue  clearances 
to  departing  and  landing  aircraft  when  reasonable  assurance  exists  that  prescribed  separation 
will  exist  when  an  aircraft  start  its  take  off  roll  or  crosses  the  runway  threshold.  This  enables 
the  establishing  of  stagger  in  the  approach  stream  and  clearing  aircraft  to  land  in  order  that 
required  separation  will  exist  either  in  case  of  a  consecutive  miss  or  when  the  aircraft  land. 
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SECTION  3 


MODEL  OF  THE  DEPENDENT  CONVERGING  INSTRUMENT  APPROACH 

PROCEDURE 


3.1  GENERAL  DESCRIPTION  OF  THE  DCIA  MODEL 

The  noodel  used  to  define  the  EXTA  procedure  is  based  on  the  dual  missed  approach  model 
and  simulation  developed  for  Sl  Louis  (Barker,  1992).  The  DCIA  nxxiel  extracts  the 
important  features  of  the  St.  Louis  model  and  generalizes  them  for  application  to  other 
geometries. 

3.1.1  Overview  of  the  Model 

It  was  determined  in  the  St  Louis  simulation  Uiat  the  primary  factors  of  the  final  separatiem 
of  two  aircraft  executing  missed  iqpproaches  were;  (1)  the  initial  sugger,  i.e.,  the  differential 
distance  to  intersection;  (2)  the  ground  speed  differential  of  the  two  aircraft;  (3)  the  speed  of 
the  leading  aircraft^  (4)  the  relative  accelerations  of  the  two  aircraft;  and  (5)  the  distances 
from  runway  thresholds  to  the  intersection  of  the  runways  (or  their  extended  centerlines). 

Wind  is  included  in  die  model  as  a  worst  case  condition.  The  wind  components  that  produce 
the  imnimum  separation  at  the  intersection,  as  determined  by  the  allowable  range  of  included 
angles  between  the  runways  and  the  maximum  allowable  wind  speeds,  are  always  used  in  the 
analysis. 

3.U  Aircraft  Approach  and  Missed  Approach  lYofiles 

In  the  DCIA  model  the  approach  and  miss  profile  of  a  given  aircraft  is  considered  in  four 
phases:  (1)  an  aircraft  is  assumed  to  cross  the  outer  marker  at  a  fixed  nominal  speed;  (2)  the 
aircraft  begins  a  constant  deceleration  phase  after  crossing  the  outer  marker  and  is  assumed 
to  reach  its  Final  Approach  Speed  (FAS)  after  flying  a  given  distance;  (3)  the  aircraft 
maintains  its  FAS  until  it  reaches  its  Missed  Approach  Point  (MAP);  (4)  at  the  MAP  the 
aircraft  enters  a  constant  acceleration  phase,  the  actual  acceleration  being  dependent  on 
aircraft  type.  The  points  along  the  approach  path  at  which  these  events  happen  is  shown  in 


1  The  speed  of  the  leading  aircraft  is  distingushed  from  the  speed  differential  because,  as  it 
turns  out,  a  very  slow  leading  aircraft  allows  more  time  for  a  given  stagger  u>  degrade.  In 
other  words,  on  a  given  geometry,  the  speed  differential  is  more  important  for  scenarios 
involving  slow  leading  aircraft. 
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figure  3-1.  The  procedure  specifies  that  the  aircraft  fly  the  heading  of  the  runway  after 
executing  the  miss.  Altitude  is  not  modeled  explictly  in  the  DCIA  model  although  the 
acceteradon  values  have  been  bounded  based  on  the  acceleration  profiles  discussed  below 
which  are  altitude  dependent.  The  maximum  speed  in  the  termini  area  of  250  kts  was 
observed  in  the  model. 


3.2  PARAMETER  RANGES  AND  PROCEDURE  RESTRICTIONS 

The  FAA's  Air  Traffic  and  Flight  Standards  organizations  have  established  the  parameter 
ranges  and  procedure  restrictions  listed  in  table  3-1  as  those  that  provide  adequate  safety  and 
reflect  the  expected  range  of  operational  and  environmental  condititms. 

The  rationale  for  these  values  is  as  follows: 

Minimum  separation  at  intersection.  When  the  leading  aircraft  is  non-heavy  a  value 
of  1  nmi  will  be  used.  This  is  a  distance  that  those  representing  Air  Traffic  and 
Flight  Standards  felt  comfcvtable  with.  It  represents  a  value  that  is  larger  than  the 
minimum  separation  criteria  being  used  <hi  parallei  runways  (because  the  aircraft  are 
being  placed  cm  a  converging  course  on  purpose)  while  being  smaller  than  the  2.5 
nmi  terminal  area  minimum  separation  and  the  2  nmi  parallel  approach  dependent 
minimum  separation.^ 

When  the  leading  aircraft  is  heavy  a  value  of  76  seconds  will  be  used.  This  value 
was  arrived  at  as  a  cwisequence  of  the  current  rules  in  the  controller's  handbook 
(FAA,  1991).  Those  rules  tate  that  takeoff  clearance  to  the  following  aircraft  should 
not  be  issued  until  2  minutes  after  the  heavy  jet  begins  takeoff  roll  (FAA,  1991, 
paragr^h  3-106f).  The  sanre  reference  also  states  that  departing  aircraft  operaing 
directly  behind,  or  directly  behind  and  less  than  1,(X)0  feet  below  a  heavy  aircraft 
may  be  separated  by  5  nmi  (FAA,  1991,  paragraphs  5-72d  and  3-106e).  The 
implication  of  these  rules  is  that  the  separation  following  a  heavy  when  both  are 
airborne  over  the  same  point  is  rot  necessarily  2  minutes.  In  fact,  data  was  taken  at 
St  Louis  where  a  heavy  departure  was  followed  by  a  non-heavy  departure  off  the 


2  Appendix  D  discusses  this  in  more  detail. 
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.  Missed  Approach  Geometry 


Table  3<1.  Parameters  and  Restrictions  for  the  Analysis  of  DClAs 


Parameter 

Values 

Minimum  separation  at  intersection 

1  nmi  for  ncm-heavy  leading  aircraft 

76  seconds  for  heavy  leading  aircraft 

Included  angles  between  the  runways 

30  degrees  minimum 

120  deeree  maximum 

174  lets 

Final  i4)proach  airspeeds 

80  lets  minimum 

170  lets  maximum 

10  let  increments 

Missed  approach  accelerations 

Equivalent  to  the  maximum  effective 
acceleration  to  the  intersection  for  the 
aircraft  using  St  Louis  with  a  maximum 
speed  of  250  kts  (See  appendix  B) 

Distance  from  mnway  dueshold  to 
intersection 

0  feet  minimum 

27,300  feet  maximum 

1(X)  foot  increments 

Winds 

30  kts  maximum 

15  kts  maximum  crosswind 

5  kts  maximum  tailwind 

Forms  of  restrictions^ 

•  Restrict  X  kt  or  less  aircraft  to  runway 
with  shorter  threshold  to  intersection 
distance  (80^x^120) 

•  Excepty  kt  or  greater  aircraft  (yi^  160) 

•  Except  5  kt  or  less  aircraft  (5^90) 

•  Do  not  pair  r  kt  or  less  aircraft  leading 
with  y  kt  or  greater  aircraft  trailing 
(z^llO) 

•  Restrict  and  do  not  pair 

•  Restrict  and  except 

•  Except  and  do  not  pair 

Decision  Heiehts 

250. 500  and  700  feet 

Stagger 

2, 2.5  and  3  nmi  for  non-heavy  leading 
aircraft 

5  and  6  nmi  fen-  heavy  leading  aircraft 

3  A  more  complete  discussion  of  these  restrictions  can  be  found  in  section  3.2. 
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same  runway.  The  minimum  airborne  separation  was  sigihtly  greater  than  5  nmi  and 
the  time  separation  between  the  aircraft  over  a  point  where  both  aircraft  were 
airbcffne  was  76  seconds.'* 

Included  angles  between  the  runways.  The  30  degree  value  corresponds  to  the  missed 
approach  course  separation  (FAA,  1991.  paragn^h  5-1 15).  The  120  degree  value 
was  established  by  the  representatives  of  Air  Traffic  and  Flight  Standards. 

Approach  airspeed  at  the  outer  marker.  The  range  of  airspeeds  at  the  outer  marker  is 
typically  about  170  to  180  kts.  174  kts  was  chosen  to  be  in  the  middle  of  this  range 
ai^  to  be  such  that  the  jet  fighters  at  the  high  end  of  their  speed  range  would  not  have 
to  slow  down  to  reach  their  final  approach  airspeed.  Apprc»ch  airspeeds  for  general 
aviadtH)  aircraft  are  unnecessary  for  this  analysis  because  the  stagger  distance  is 
always  determined  by  the  faster  trailing  aircrafL 

Final  approach  airspeeds.  The  range  of  80  to  170  kts  indicated  airspeed  cover  the 
approach  speeds  of  the  aircraft  at  commercial  airports.  The  approach  speeds  are 
considered  in  10  kt  increments.  This  means  that  aircraft  with  a  nominal  final 
approach  speed  of  80  kts  would  be  those  with  speeds  from  75  kts  through  84  kts. 
When  the  aircraft  are  analyzed  in  pairs,  the  leading  aircraft  are  assigned  the  final 
approach  speed  value  at  tire  low  end  of  the  10  kt  range  while  the  trailing  aircraft  are 
assigned  tire  final  t^iproach  speed  value  at  the  high  end  of  the  range.  This  is  another 
feature  of  the  analysis  that  is  consistent  with  the  worst  case  aspect  of  this  analysis 

Missed  approach  accelerations.  The  sample  of  aircraft  used  in  the  investigation  to 
support  the  qrerations  in  St.  Louis  was  also  used  to  determine  an  envelt^  of  missed 
qjproach  accelerations.  These  acceleration  envelopes  are  divided  into  three 
categories:  heavy,  fighter  jets,  and  other.  The  general  aviation  aircraft  are  pan  of  the 
”(Hher"  category.  Appenc^  B  addresses  the  modeling  of  the  accelerations  in  more 
detail. 

Distance  from  runway  threshold  to  intersection.  The  distance  from  the  runway 
thrediold  to  the  intersection  of  the  centerliires  of  the  two  runways  ranges  from  0  feet 
to  27.300  feet.  This  range  covers  all  of  the  airports  in  the  top  100  airports  in  the 
country  that  have  been  identified  as  having  DQA  application  potential. 


4  The  separation  at  the  intersection  is  not  expected  to  reach  this  minimum  value  with  a 
significant  probability  as  discussed  in  section  3.3.7. 
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Winds.  The  winds  in  this  analysis  will  be  no  more  than  30  kts,  regardless  of  the 
direction.  If  the  condidons  are  IMC  and  the  wind  is  greater  than  30  kts,  there  are 
probably  instabilities  in  the  atmoqrheie  and  the  pilots  wiU  be  reluctant  to  land.  In 
addition,  tlKie  are  crosswind  and  tailwind  conditions  beyond  which  the  pilots  will  not 
land.  The  rule  of  thumb  is  15  kts  and  S  kts,  respectively. 

Forms  of  restrictions.  In  order  to  achieve  the  safety  level  (i.e.,  the  proper  separation 
at  the  intersection  following  a  ccMisecutive  missed  approach)  for  s(»ne  runway 
ctMifigurations,  it  is  necessary  to  limit  the  possibility  that  all  aircraft  be  allowed  to 
land  (Ml  dther  runway.  There  are  many  ways  to  limit  which  aircraft  can  lami  on 
which  runway  in  a  safe  manner.  Of  those  ways,  it  was  agreed  by  Air  Traffic  that  the 
restrictions  liked  in  table  3-1  are  operationally  feasible.  In  genoal,  restricting 
aircraft  below  120  kts  to  a  particular  runway  is  feasible  because  commocial  jets  tend 
to  have  final  approach  airspeeds  of  120  kts  oe  greater.  The  restriction,  as  stated  in 
table  3-1,  indues  the  120  kt  class  of  aircraft  also. 

To  ’’except"  an  aircraft  fiom  this  procedure  metuis  that  when  an  aircraft  with  the 
indicated  speed  is  included  in  an  (^leration  there  must  be  a  larger  stagger.  If  the 
excepted  aircraft  is  leading  and  is  sIowct,  a  larger  stagger  behind  this  aircraft  is 
required.  If  the  excepted  aircraft  is  trailing  and  is  faster,  a  larger  stagger  in  front  of 
this  aircraft  is  requirni.  The  fast  aircraft  to  be  except  are  those  with  final  approach 
airspeeds  of  160  kts  or  greater.  These  are  usually  the  jet  fighter  aircraft  and  thke 
will  not  be  too  many  of  these  aircraft  at  the  airports  umier  consiiteration.  The  slow 
aircraft  to  be  excepted  are  those  with  final  approach  airspeeds  of  90  kts  or  less. 

These  are  general  aviation  aircraft  and  the  impact  of  tiiis  restriction  at  a  particular 
aiip(nt  will  depend  on  the  equippage  and  population  of  general  aviation  aircraft  using 
that  airport  lire  relative  abundance  of  general  aviation  aircraft  is  typically  reduced 
during  IMC. 

Safety  can  be  maintained  fen'  s(xiw  runway  configurati(xis  by  not  allowing  aircraft 
with  certain  final  approach  airspeeds  to  be  paired.  It  was  agreed  by  Air  Traffic  that 
not  pairing  commuter  and  general  aviation  classes  of  aircraft  (1 10  kts  or  less)  with 
fighter  jet  aircraft  (160  kts  or  greater)  would  probably  not  severely  impact  the 
opoations  at  the  airpotts  under  consideration.  Even  at  that,  if  the  faster  aircraft  were 
leading  there  would  be  no  problem  pairing  the  two  aircrafi. 

Finally,  ai^lying  the  restrictions  in  a  pairwise  fashion  (e.g.,  restrict  and  do  not  pair, 
restrict  arid  except,  except  and  do  not  pair)  was  also  agreeable  to  Air  Traffic. 

Decision  heights.  The  decision  height  has  an  impaa  on  the  separation  at  the 
intersecticxi.  In  terms  of  the  operation,  if  the  glide  sl(^  were  to  go  out,  the  decision 
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height  would  be  higher.  *nie  decision  heights  at  the  airports  of  interest  were 
reviewed  and  it  turned  out  that  they  could  be  grouped  into  three  groups:  250  feet  or 
less,  between  250  and  500  feet,  and  betwera  500  and  700  feet  For  (Visions  greater 
than  700  feet  other  procedures  such  as  SCIAs  could  be  run  and  there  would  be  no 
advanoige  u>  running  a  DCIA  procedure. 

Stagger  values.  The  imnimum  stagger  value  of  2  nini  reflects  the  fact  that  in  worst 
case  situations  the  separation  between  the  aircraft  will  degrade  as  the  leading  aircraft 
apinoaches  the  intersectitm.  In  <mler  to  insure  at  least  1  nmi  at  the  intersection  in  the 
event  of  ctMisecudve  missed  approaches,  the  2  nmi  stagger  is  reasonable.  The 
increment  of  the  stagger  was  set  at  0.5  nmi.  Any  smaller  interval  was  judged  to  be 
too  small  for  the  controller  to  perceive  reliably  with  today's  automation.  The 
maximum  stagger  was  set  at  3  nmi.  the  stagger  were  any  larger,  the  capacity 
advantage  of  using  converging  approaches  over  using  a  single  approach  would  be 
lost  For  the  heavy  leading  case,  5  and  6  nmi  staggers  are  analogous  tt>  the  separation 
rules  behind  heavies  today. 


3  J  DETAILED  DESCRIPTION  OF  THE  DCIA  MODEL 

The  following  sections  give  an  overview  of  the  particulars  of  the  DCIA  noodel.  A 
mathematical  treatment  of  the  equaticms  of  motion  that  comprise  the  closed-form  analytical 
model  can  be  found  in  appendix  A. 

3J.1  Initial  Aircraft  Positions 

Without  loss  of  generality,  the  DOA  model  places  the  leading  aircraft  initially  at  its  runway 
threshold.  The  initial  placement  of  the  trailing  aircraft  depends  on  the  value  of  the  stagger 
chosen  fm*  the  scenario.  For  a  given  stagger  value,  the  positicm  of  the  trailing  aircraft  on  its 
approach  is  uniquely  determined.  An  example  of  initial  aircraft  positions  with  2  nmi 
threshold  stagger  is  shown  in  figure  3-2. 

332  Duration  of  Scenario  for  Non>Heavy  Leading  Aircraft 

Figure  2-2B  depicts  the  separation  of  concern  for  the  case  of  a  non-heavy  leading  aircraft 
where  the  sq>aiation  is  measured  when  the  leading  aircraft  reaches  the  inteisection.  The 
execution  of  the  consecutive  missed  approach  jnoceeds  by  fust  calculating  tiie  time  required 
for  the  leading  aircraft  u>  reach  the  intersection.  In  the  DCIA  nnodel  the  leader  is  assumed 
not  to  accelerate  during  the  missed  approach.  This  assumption  is  made  in  the  spirit  of 
conservatism.  Therefore,  the  time  for  the  leading  aircraft  to  reach  die  intersection  is  simply 
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Figure  3>2.  Example  (^Threshold  Stagger 

With  the  leading  aircrc^  at  threshold  the  position  of  the  trailing  aircraft  is 
uniquely  determined  for  a  given  stagger  value.  This  illustration  shows  an 
aircraft  (TWA131)  at  the  threshold  of  St.  Louis  runway  30R,  already 
executing  a  missed  approach.  The  trailing  aircraft  (LOF23I)  is 
cqfproaching  runway  24  and  is  positioned  2  nmi  behind  the  "ghost"  of 
TWA131,  indicated  by  the  "I".  In  this  case  the  trailing  aircrcft  is  inside  of 
the  outer  marker  (indicated  by  the  small  square)  and  not  yet  at  the  missed 
approach  point  for  runway  24.  The  DCIA  model  carries  the  scenario 
forward  from  this  point  to  determine  the  final  separation  at  the  intersection 
of  the  flight  paths. 


the  distance  from  the  threshold  of  the  runway  f<n'  the  leading  aircraft  to  the  intersection  of 
the  flight  paths  divided  by  the  final  approach  ground  speed  of  the  leading  aircraft. 

The  trailing  aircraft  moves  toward  the  intersection  during  this  time  interval.  The  scenario 
ends  when  the  leader  is  at  the  intersection.  The  separation  of  interest  is  then  simply  the 
distance  of  the  trailing  aircraft  from  the  intersection  at  the  time  when  the  leading  aircraft  is  at 
the  intersectitm. 

3  J3  Duration  of  Scenario  for  Heavy  LeatKng  Aircraft 

In  the  case  of  a  heavy  leading  aircraft  the  scenario  does  not  end  when  the  leading  aircraft 
gets  to  the  intersection.  It  is  necessary  to  determine  how  long  it  will  take  the  trailing  aircraft 
to  reach  the  intersection  after  the  leading  heavy  aircraft  passes  through  the  intersection  to 
determine  the  wake  vonex  avoidance  separation  time.  See  figure  2-2C.  Therefore,  after  the 
leading  aircraft  reaches  the  intersection,  the  DCIA  model  "moves"  the  trailing  aircraft  to  the 
intersection  as  a  function  of  its  approach  and  missed  approach  profile.  The  difference  in  the 
times  that  the  leading  and  trailing  aircraft  cross  tiie  intersection  is  the  separation  of  interest 
when  the  leading  aircraft  is  a  heavy.  The  dynamics  of  the  trailing  aircraft  are  considered 
below. 

3,3.4  Movement  of  the  Trailing  Aircraft 

The  DCIA  model  is  implemented  as  a  closed  form  analytic  solution.  However,  it  is 
converuent  to  think  of  the  aircraft  as  "moving  through"  its  approach  and  subsequent  missed 
^proach.  The  following  sections  provide  a  description  of  the  factors  that  influence  the 
movement  of  the  trailing  aircraft. 

3J.4.1  The  Initial  State  of  the  Trailing  Aircraft 

The  initial  position  of  the  trailing  aircraft  is  uniquely  determined  from  geometrical 
considerations.  Based  on  the  intersection  to  threshold  distances  of  both  runways  and  the 
stagger  distance  the  position  of  the  trailing  aircraft  can  be  determined. 

The  speed  and  acceleration  of  the  trailing  aircraft  at  this  point  is  impmtant  to  the  remainder 
of  the  scenario.  There  are  four  possibilities.  Considering  figure  3-1,  the  four  possibilities 
depend  rni  whether  the  initial  position  of  the  trailing  aircraft  is  mitside  the  outer  maricer 
(OM),  between  the  deceleration  point  (DP)  and  OM,  between  the  missed  approach  point 
(MAP)  and  DP,  or  inside  the  MAP.  If  the  trailing  aircraft  is  outside  OM  its  speed  is  the 
approach  speed  and  it  is  not  accelerating,  ft*  the  trailing  aircraft  is  between  OM  and  DP  its 
is  dependent  cm  its  porition  between  DP  and  OM  and  it  is  decelerating  at  a  rate  that 
will  cause  it  to  reach  its  final  approach  speed  at  DP.  Between  MAP  and  DP  the  trailing 
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aircraft  is  at  its  final  approach  speed  and  it  is  not  accelerating.  Inside  the  MAP  the  aircraft  is 
accelerating.  In  the  DCIA  model  this  acceleration  is  modeled  as  an  instantaneous  speed 
increase.  The  missed  approach  acceleration  will  be  discussed  further  in  section  3.2AA. 

3  J.4.2  Deceteration  of  the  Trailing  Aircraft 

If  the  initial  position  of  the  trailing  aircraft  is  further  from  the  intersection  than  the  point  DP. 
then  the  deceleration  of  the  trailing  aircraft  must  be  considered.  The  deceleration  from  its 
approach  airspeed  to  its  final  approach  airspeed  is  modeled  to  begin  after  crossing  the  outer 
marker.  A  constant  deceleration  is  assumed  that  requires  the  aircraft  to  fly  3  nmi  to  reach  its 
final  approach  airspeed.  Although  aircraft  (tocelerate  differently,  the  fact  that  they  are  in  a 
landing  pattern  will  tend  to  moderate  this  variation.  Most  aircraft  will  reach  their  final 
approach  airspeed  about  half  way  down  the  final  approach  course  according  to  pilots  and 
observatitMis.  Knowing  the  approach  speed  at  the  outer  maiicer  and  the  final  approach  speed 
3  nmi  from  the  outer  mark  the  DCIA  model  determines  the  correct  initial  speed  for  the 
trailing  aircraft 

3  J.4  J  Decision  Height  for  the  Trailing  Aircraft 

Three  different  decision  heights  are  modeled  for  the  miss  of  the  trailing  aircraft  They  are 
250  feet  500  feet  and  700  feet  The  decision  height  is  an  important  factor  to  model  for  the 
following  reasons:  if  the  decision  height  is  increased,  all  other  factors  being  equal,  the 
trailing  aircraft's  missed  approach  would  be  initiated  at  a  relatively  higher  spe^  and  the 
trailing  aircraft  would  accelerate  sooner.  All  other  factors  being  equal,  a  scenario  in  which 
the  trailing  aircraft  executes  a  missed  approach  at  a  higher  decision  height  would  result  in 
lower  separation  at  the  intersection. 

3  J.4.4  Acceleration  of  the  Trailing  Aircraft 

The  trailing  aircraft  is  modeled  to  begin  a  constant  aircraft-dependent  acceleration  at  its 
missed  reproach  point  The  acceleration  is  applied  through  the  remainder  of  the  scenario 
with  a  maximum  speed  of  250  kts. 

When  an  aircraft  accelerates  on  executing  a  missed  approach,  the  object  for  the  pilot  is  to 
change  the  aircraft  from  a  landing  configuration  to  a  climb-out  crmfiguration.  Based  on  the 
wei^t  of  the  aircraft  and  other  dynaniic  attributes  of  the  aircraft,  the  achieved  acceleration 
can  vary.  This  range  of  accelerations  is  modeled  as  a  factor  increase  in  speed  over  the  final 
approach  speed.  In  other  words,  the  acceleration  is  modeled  as  an  instantaneous  speed 
increase.  The  aircraft  which  were  investigated  in  detail  for  the  St  Louis  analysis  were 
placed  in  three  categories  based  on  their  missed  approach  accelerations.  The  fighter  jets  are 
one  categtny,  the  heavy  jets  are  the  second  category  and  all  others  formed  the  third  category. 
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Using  a  detailed  nodzl  discussed  in  appendix  B.  a  characterization  of  the  acceleration  as  a 
factor  increase  in  speed  was  developed.  The  factor  increase  in  speed  depends  on  the  distance 
of  the  threshold  to  the  runway  intersectitm  and  the  altimde  at  which  the  missed  approach  is 
executed.  The  results  of  this  analysis  are  shown  in  figures  3-3, 3-4,  and  3-5. 

33AJS  The  Effect  of  Winds 

The  winds  have  a  significant  effect  on  the  outcome  of  the  separation  at  the  intersection 
following  consecutive  missed  approaches.  It  is  noted  that  the  minimum  separation  at  die 
intersection  depends  on  a  number  of  factors  such  as  speed  differentials,  accelerations,  and 
distances  to  travel  to  the  intersectitm.  All  odier  factors  being  the  same,  the  minimum 
separation  occurs  when  either  there  is  a  maximum  differential  wind  condition  (i.e.,  a  high 
tail  wiiul  component  on  the  trailing  aircraft  and  a  high  headwind  component  on  the  leading 
aircraft)  or  there  is  the  maximum  headwind  oa  the  leading  airctafL  The  feasible  conditicms 
are  contingent  cm  the  maximum  tailwind,  crosswind  and  absolute  wind  requirements.  The 
analysis  of  the  worst  case  wind  conditions  can  be  found  in  appendix  C. 

The  results  of  the  worst  case  wind  conditions  are  shown  in  table  3-2.  For  any  given  runway 
configuration,  as  characterized  by  the  included  angle  between  the  runways,  there  is  a  wind 
direction  and  magnitude  that  will  yield  the  maximum  differential  wind.  There  is  also  a  wind 
direction  and  magnitude  that  will  yield  the  maximum  headwind  on  the  leadii.  j  aircraft.  One 
can  notice  btHn  table  3-2  that  the  greatest  maximum  differential  wind  will  occur  when  the 
included  angle  between  the  runways  is  about  1 10  degrees.  The  greatest  maximum  headwind 
on  the  leading  aircraft  will  occur  when  the  included  angle  is  30  degrees,  the  minimum 
included  angle  allowed. 

The  way  in  which  this  infcmnation  was  factored  inu>  the  analysis  to  produce  the  wmst  case 
situation  is  as  follows.  The  separation  at  the  intersection  following  a  consecutive  missed 
approach  was  cmnputed  twice;  once  under  the  condition  of  a  maximum  headwind  on  the 
leading  aircraft  assuming  a  30  degree  included  angle  between  the  runways  and  again  under 
the  ccmdition  of  a  maximum  differential  wind  assumming  a  1 10  degree  included  angle 
between  the  runways.  Then  the  minimum  separation  at  tiw  intersection  was  chosen  as  the 
worst  case  sq)aiation. 

The  implicatitxi  of  this  method  of  analysis  is  that  the  (tependence  of  the  result  (Hi  the 
included  angle  between  the  runways  has  been  eliminated  However,  it  should  be  roted  that 
in  reality  no  given  pair  of  runways  can  have  both  an  included  angle  of  30  degrees  and  1 10 
degrees.  Therefore,  this  analysis  for  airports  in  general  will  be  ccHiseivative  in  that  for  a 
given  aiiport  with  a  given  set  of  converging  nuiways  tiw  actual  separation  at  the  intersection 
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Effective  Speed  Factors  for  F4s 
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Figure  3-4,  Effective  Speed  Factors  for  Heavies 
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.  Effeclive  Speed  Factors  for  Others 
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will  be  larger  given  all  ocher  conditions  arc  the  same.  This  could  be  viewed  as  extra  safety, 
or  conversely  as  an  opportunity  to  relax  other  conditions  to  gain  an  operational  advantage  at 
1  given  airpon. 


3.4  MODELING  OF  WORST  CASE  FACTORS 

As  w.ie  DCIA  model  was  descibed  above,  several  modeling  assumptions  were  made  which 
makes  this  analysis  very  conservative.  This  section  summarizes  and  places  into  perspective 
the  conservative  nature  of  this  model.  In  addition,  the  factors  that  were  not  explicited 
modeled  are  discussed. 

3.4.1  Aircraft  Accelerations 

In  general  aircraft  are  expected  to  perform  a  ctmstant  speed  climb  and  then  an  acceleration 
after  executing  the  missed  approach  (Barker.  1992;  Gilligan,  1991b).  However,  to  insure 
safety  even  in  the  most  extreme  situations  the  leading  aircraft  never  accelerates;  and  the 
trailing  aircraft  is  attributed  a  constant^  acceleration  value.  The  acceleration  is  implemented 
in  the  model  as  an  instantaneous  change  in  speed  to  a  higher  constant  missed  approach  speed. 
The  missed  approach  speed  is  derived  separately  such  that  the  aircraft  arrives  at  the 


5  Climbs  are  not  explicitly  modeled  in  the  EXHA  analysis. 
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intersection  at  the  same  time  as  the  more  detailed  modeling  of  airetaft  of  its  type  assuming 
constanct  speed  climb  to  1500  feet  and  then  a  constant  acceleration.  Appendix  B  discusses 
the  details  of  the  acceleration  modeling. 

Another  point  should  be  made  about  the  conservative  modeling  of  the  trailing  aircraft's 
acceleration.  In  addition  to  the  accelerations  being  bounded  so  as  to  err  towards  higher 
trailer  accelerations  (which  lead  to  smaller  predicted  separations),  the  DCIA  model 
introduces  another  conservative  feature:  this  Idnd  of  acceleration  profile  gives  the  trailing 
aircraft  higher  speeds  in  the  earlier  portion  of  his  miss  scenario  than  would  be  the  case  in 
which  an  actual  constant  acceleration  were  applied.  In  some  scenarios,  this  feature  leads  to  a 
slightly  ixxHe  conservative  measure  of  the  pit^ited  separation  (i.e.,  smaller  separation). 

3.4.2  DeCemiination  of  Headwind  Components 

The  ground  speeds  of  the  respective  aircraft  depend  on  the  headwind  (or  tailwind) 
components  encountered  in  the  scenario.  There  are  two  wind  conditions  that  can  lead  to  a 
minimum  separation  depending  on  the  relative  speeds  involved  and  the  geometry.  One 
condition  puts  the  maximum  allowable  headwind  on  the  leading  aircraft.  The  other 
condition  yields  a  wind  that  generates  the  maximum  differential  headwind  components  on 
the  wo  aircraft  with  the  greatest  headwind  on  the  leading  aircraft. 

The  DCIA  model  examines  both  wind  conditions  for  a  given  scenario  and  always  chooses 
the  wind  conditon  that  results  in  the  minimium  predicted  separation.  Implicit  in  this  analysis 
is  an  inclusion  of  the  w(»^t  case  geometry  (included  angle  between  the  runways)  for  a  given 
pair  of  runway  lengths. 

3.4  J  Speed  Groups 

The  DCIA  model  divides  the  final  approach  speed  spectrum  into  10  knot  increments  ranging 
from  80  knots  to  170  knots.  The  DCIA  proc^ure  is  to  be  carried  out  with  the  use  of  the 
(^RDA.  The  CRDA  ghosts  against  which  the  controller  sets  up  the  spacing  include  a  speed 
itKiicattX’  block  which  is  the  computer-derived  ground  speed  of  an  actual  aircraft  Computer- 
derived  speeds  are  shown  round^  to  the  nearest  10  knots.  For  example,  aircraft  with  a 
ground  speed  of  127  knots  would  show  a  T3'  in  the  speed  data  block  on  the  controller's 
display  to  represent  130  kts.  For  this  reason  the  DCIA  model  makes  a  conservative 
assumption  when  determining  the  actual  physical  speed  to  use  for  a  given  speed  class.  The 
actual  speed  used  (tepends  on  whether  the  specified  aircraft  is  leading  or  trailing.  If  the 
aircraft  is  leading,  then  the  DCIA  model  chooses  the  lowest  speed  in  the  speed  range  that 
would  represent  that  speed  class  (e.g.,  a  nominal  120  knot  leading  aircraft  will  be  modeled 
as  having  a  flnal  approach  speed  of  1 15  knots).  If  the  aircraft  is  the  trailing  aircraft,  then  the 
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DCIA  model  chooses  the  highest  speed  that  would  represent  that  speed  class  (e.g.,  a  nominal 
ISO  knot  trailing  aircraft  will  be  modeled  as  having  a  final  approach  speed  of  1 54  knots). 

Because  of  the  the  way  speed  block  rounding  is  noodeled,  the  DCIA  model  will  show  a 
deleterious  qieed  differendal  of  9  knots  for  "equal  speed  aircraft."  This  fact  plus  the  fact  that 
there  is  always  an  acceleration  differential  applied  (even  for  the  same  type  aircraft  in  a 
scenario)  means  that  it  is  always  possible  to  find  a  geometry  (albeit  extreme)  for  which  a 
given  stagger  may  be  degraded  to  less  than  die  required  separation,  even  for  the  scenarios 
that  pair  the  same  aircraft  types  at  the  same  final  approach  speed. 

3.4.4  Factors  Not  Modeled  in  the  DCIA  Procedure 

There  are  several  factors  not  modeled  in  the  DCIA  analytic  model.  These  include:  aircraft 
drift  due  to  wind,  variable  winds  by  altitude,  climbs,  indicated/true  air  speed  correction;  and 
variations  on  the  exact  moment  of  execution  of  the  missed  approach  (i.e.,  late/early  miss  at  a 
given  decision  height).  These  factors  will  be  discussed  in  turn  with  an  explanation  of  the 
reasons  for  not  modeling  them. 

Winds  by  Altitude.  Worst  case,  constant  winds  are  always  used  in  the  DCIA  model. 
Variable  winds  by  altitude  are  not  modeled  in  the  DCIA  procedure.  This  is 
consistent  with  the  St.  Louis  simulation  which  also  used  a  ccxistant  wind  field. 
However,  the  DQA  wind  field  is  more  conservative  than  those  specified  in  the 
St  Louis  simulation^  in  that  the  worst  case  wind  is  applied  to  every  sceanrio.  Wind 
shear  is  not  modeled. 

Indicated  Airspeed  Correction.  No  explicit  correction  was  made  for  the  conversion 
from  indicated  airspeed  to  true  airspeed  for  three  reasons:  (1)  the  effect  is  small  over 
the  altitude  range  of  final  approach  (typically  under  20(X)  feet  AGL),  (2)  the  error,  in 
any  case,  is  in  the  same  dire^on  for  both  aircraft  and  (3)  the  effect  as  measured  in 
the  St  Louis  simulation  was  on  the  order  of  0.05  nmi  which  is  over  an  order  of 
magnitude  smaller  than  the  separation  criteria  being  measured. 

Drift.  Drift  due  to  wind  is  not  modeled  in  the  DCIA  model.  Again  that  effect  in  the 
St  Louis  simulation  was  shown  to  be  on  the  order  of  0.05  nmi  in  terms  of  final 
separation. 


6  Winds  in  the  St  Louis  simulation  where  specified  by  a  Missed  Approach  Test  Plan 
(Gilligan,  1991b)  which,  in  effect  perfonned  a  sampling  of  worst  case  factors  into  a 
given  scenario,  never  combining  all  worst  case  factors  into  one  scenario.  In  effect  the 
DCIA  rxKxiel  combines  gU  worst  case  factors  into  every  scenario. 
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Pilot  Deviations.  Deviations  from  the  published  straight<out  missed  approach 
procedures  are  not  modeled  in  the  DCIA  procedure. 

Climbs  and  Descents.  Explicit  altitiute  changes  in  either  the  leading  cn-  the  trailing 
aircraft  are  not  modeled.  In  regard  to  descents,  the  deceleration  zone  of  the  trailing 
aircraft  is  ctmsistent  with  the  nonnal  approach  altxig  the  3  degree  ILS  glide  slope. 

As  fOT  climbs,  the  ground  speed  of  the  trailing  aircraft  is  determined  consistent  with 
the  St  Louis  simulation  which  did  explicitly  noodel  aircraft  altitudes.  Any  altitude 
separation  achieved  only  adds  to  the  ^ety  of  the  encounter.  However,  no  altitude 
separation  considerations  were  used  in  determiiung  safe  operations  in  this  analysis. 

3.4,5  Conservative  Nature  of  the  DCIA  Model. 

The  DCIA  nxxiel  as  described  in  this  section  was  applied  to  derive  geometry-dependent 
procedures  that  provide  at  least  1  nmi  horizontal  separation  (in  the  case  of  a  leading 
non-heavy  aircraft)  and  at  least  76  seconds  wake  vortex  avoidance  protection.  This  margin 
of  safety  is  provided  for  the  following  unlikely  (and  additive)  combination  of  deleterious 
events:  the  leading  aircraft  misses  its  approach;  the  stagger  is  the  minimum  allowed;  there  is 
no  rruiio  contact  with  either  aircraft;  the  trailing  aircraft  misses  its  approach;  the  weather 
conditions  preclude  "see  and  avoid"  techniques  by  either  aircraft;  the  wind  conditions  are 
such  that  the  worst  allowable  wind  is  operative  at  the  time  of  the  consecutive  missed 
approach  event;  and  that  for  some  reason  the  leading  aircraft  cannot  or  does  not  accelerate 
while  the  trailing  aircraft  accelerates  to  the  intersection  even  though  dependent  staggered 
sqjproaches  are  in  effect.  And  finally,  the  combination  of  aircraft  is  such  that  there  is  a 
significant  speed  differential  between  the  two  aircraft,  and  that  the  slower  aircraft  is  the 
leading  aircraft.  And,  as  described  previously,  the  aircraft  are  modeled  as  flying  with  final 
approach  speeds  at  the  low  end  of  the  speed  range  (for  quantization  to  nearest  10  kts)  for  the 
lesaler  and  at  the  high  end  of  the  speed  quantization  range  for  the  trailer  so  that  their  apparent 
speed  differential  is  maximized.  This  combination  of  events  is  extraordinarily  unlikely. 
Therefore,  the  safety  of  this  procedure  is  based  on  protection  against  an  event  that  will 
minimize  the  separation  between  the  aircraft  and  that  event  is  very  unlikely  to  happen.  Other 
events  that  are  more  likely  to  happen  will  result  in  greater  separation  between  the  aircraft. 


3S  VALIDATION  OF  THE  MODEL 

This  section  describes  some  of  the  verification  and  validation  exceicises  that  were  applied  to 
the  St  Louis  model  on  which  this  analysis  is  based.  The  construction  of  the  original 
St  Louis  missed  approach  model  followed  the  suggestions  of  Law  and  Kelton  (1982). 
Among  other  things,  the  model  itself  was  developed  with  a  "high  face  validity",  meaning  that 


the  missed  approach  model  conforms  to  reasonable  expectations  of  knowledgeable 
individuals  (in  this  case  pilots,  St.  Louis  operational  personnel,  and  FAA  stafO- 

The  methodoldogy  used  to  develt^  the  St.  Louis  simulation  as  an  evolving  prototype  was 
Iniefed  to  the  FAA  several  times,  including  a  final  critical  design  review  (CDR).  'Hie  code 
was  writttn  in  structured  and  modular  form,  separating  logic  and  data,  and  was  delivered  to 
the  FAA  for  review  and  scrutiny.  The  St  Louis  simulation  was  designed  in  such  a  way  that 
an  audit  trail  was  automatically  generated  for  each  scenario  that  included  all  of  the  input 
parameters  and  all  relevant  results  on  a  "scan  by  scan"  basis  with  one  second  resolution.  The 
FAA’s  written  report  (Richards,  1991)  endorsed  the  methodology  and  findings  of  the 
St.  Louis  Emulation.  The  St  Louis  simulation  in  its  TRACX)N  playback  mode  was 
denxMistrated  to  representatives  of  the  FAA.  Finally,  the  simulation  was  compared  to  actual 
consecutive  missed  approach  events  that  were  conducted  at  St.  Louis  in  July  1991  for  the 
purpose  of  demonstrating  the  safety  of  the  DCIA  procedure. 

The  DCIA  model  which  was  devel<^)ed  fixrni  the  St  Louis  simulation  was  also  checked  for 
internal  consistency  over  the  range  of  parameters  of  interest.  In  addition,  the  DCTA  model 
was  implemented  with  more  detailed  acceleration  assumptions  to  check  accuracy  of  the 
models  an4  calculations.  Section  4.2  and  appendix  E  discuss  the  results  of  these  validation 
efforts  in  more  detail. 
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SECTION  4 


ANALYSIS 

4.1  ANALYSIS  PROCEDURES 

The  model  described  in  section  3  was  implemented  in  a  spreadsheet  in  order  to  yield  die 
distance  and  time  separation  of  the  aircraft  at  the  intersection.  An  example  of  the  output  of 
such  a  spreadsheet  is  given  in  table  4-1. 


Table  4*1.  DCIA  Analysis  Spreadsheet  Example 


SRMWn 

tMdT-X 

Trail  T-X 

FASL 

FAST 

SagMin 

TMin 

SapMin 

riyiin  Min  Sap 

Min  Tana 

2S0  MiaaAMiudt 
2600  LMd8rR«»yT-X 
2600  TraiiarRwyT-X 

2  Staggar  OiatHioa 

* 

Haavy! 

itaggar  OiatMioa 

•0 

2600 

2800 

rs 

154 

1^1 

iai 

1.21 

2600 

2800 

75 

164 

1.12 

1.12 

1.12 

2600 

2600 

75 

174 

1.01 

1.01 

1.01 

60 

2600 

2600 

65 

154 

1.43 

1.43 

1.43 

2600 

2600 

65 

164 

1.35 

1.35 

1.35 

2600 

2600 

85 

174 

lao 

168 

1.28 

100 

2600 

2600 

85 

154 

1.57 

1.57 

1.57 

2600 

2600 

95 

164 

1  51 

1.51 

1.51 

2600 

2600 

95 

174 

1.45 

1.45 

1.45 

110 

2600 

2600 

105 

154 

1.67 

1.67 

1.67 

2600 

2600 

106 

164 

1.62 

1.62 

1.62 

2000 

2600 

105 

174 

1.57 

1.57 

1.57 

120 

2600 

2600 

115 

154 

1.74 

101 

1.74 

101 

1.74 

101 

2600 

2600 

115 

164 

1.70 

96 

1.70 

95 

1.70 

95 

2600 

2600 

115 

174 

1.66 

91 

1.66 

91 

1.66 

91 

ISO 

2600 

2600 

125 

154 

160 

103 

1.80 

103 

1.80 

103 

2600 

2600 

125 

164 

1.77 

96 

1.77 

96 

1.77 

96 

2600 

2600 

125 

174 

1.73 

92 

1.73 

92 

1.73 

92 
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This  spreadsheet  accounts  frar  all  of  the  factors  such  as  wind,  decelerations,  and  accelerations 
but  only  displays  the  factors  that  will  be  varied.  The  basic  parameters  are  the  altitude  at 
which  the  aircraft  will  miss,  the  distances  fnxn  the  runway  threshold  to  intersection  of  each 
ranway  and  the  stagger  distances  required  fw  heavy  and  non-heavy  leading  aircraft.  Each 
Une  of  the  spreadsheet  contains  the  results  for  the  pairing  of  different  speeds  of  aircraft  For 
instance,  the  first  row  shows  an  80  kt  aircraft  leading^  (75  kts  is  the  lower  end  of  the  80  kt 
range)  and  a  150  kt  aircraft  trailing^  (154  kts  is  the  upper  end  of  the  150  kt  range).  The 
separation  at  the  intersection^  is  1.21  nmi.  If  the  runways  were  switched  and  the  80  kt 
aircraft  were  leading  on  the  otho*  runway,  then  the  separatist  (Switch  SepMin)  would  still 
be  1.21  nmi  because  the  distances  from  the  threshold  to  the  intersection  in  this  case  is  26(X) 
feet  for  both  runways.  The  colunm  labeled  "MinSqt”  is  the  minimum  of  the  two  SepMin 
columns.  The  TMin  columns  ate  the  time  separations  for  the  heavy  leading  situations.  The 
slowest  heavy  aircraft  is  modeled  with  a  final  approach  airspeed  of  120  kts  so  the  other 
entries  slower  than  this  are  left  blank. 

Since  the  minimum  distance  and  time  separations  result  from  combinations  of  slow  leading 
aircraft  with  fast  trailing  aircraft,  only  the  slowest  and  fastest  speed  groups  need  to  be 
considered.  Because  aircraft  up  to  120  kts  can  be  restricted  to  the  runway  with  the  shorter 
threshold  to  intersectitMi  distance  cmly  leading  aircraft  with  speeds  up  to  1 30  kts  need  to  be 
considered.  The  slowest  heavy  leading  aircraft  are  covered  by  this  screed  group  range.  For 
the  fastest  trailing  aircraft  one  needs  to  consider  the  150  kt  through  170  kt  spe^  groups: 

The  150  kt  speed  group  is  included  here  because  the  160  kt  and  greater  aircraft  can  be 
"excepted"  from  the  procedure. 

The  aiutlysis  methodology  was  designed  to  find  those  ranges  of  runway  threshold-to- 
intersection  distances  for  which  a  common  set  of  restrictions  would  apply.  Ftnr  instance, 
from  taUc  4-1  one  can  see  that  when  the  threshold-to-intersection  leng^s  for  both  runways 
were  2600  feet,  the  separation  at  the  intersection  following  a  consecutive  missed  approach 
between  the  80  kt  leading  aircraft  and  the  170  kt  trailing  aircraft  would  be  1 .01  nmi.  (It  i« 
not  exactly  1.00  nmi  because  the  threshold  to  intersection  distances  have  to  be  integral 
numbers  of  100  feet.)  When  an  80  kt  leading  aircraft  and  a  170  kt  trailing  aircraft  yields  at 
least  a  1.00  nmi  separation,  and  a  76  second  minimum  time  separatiem  (it  is  91  seconds  in 


1  FASL  is  "Bnal  Approach  Speed  of  the  Leader" 

2  FAST  is  "Final  Approach  Speed  of  the  Trailer" 

3  Sq>Min  is  the  minimum  separation  after  taking  into  account  the  wmrst  case  wind 
additions. 
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the  example  in  table  4*1),  the  operation  is  unrestricted.  In  other  words  any  aircraft  can  be 
paired  with  any  other  aircraft  on  either  runway. 

This  establishes  2600  feet  as  a  "breakpoint”  fot  the  shorter  and  longer  threshold-to- 
intersection  distances.  In  other  words,  any  configurations  with  threshold*  to-intersection 
distances  less  than  2600  feet  could  safely  supptnt  an  unrestricted  DCIA  procedure  with  2 
nmi  staggo-  behiml  a  non-heavy  aircraft  and  5  nmi  stagger  behind  a  heavy  aircraft.  Being 
safe  means  that  the  minimum  separation  at  the  intersection  would  be  greater  than  1 .00  nmi 
behind  a  non-heavy  aircraft  and  76  seconds  of  time  separation  behind  a  heavy  aircraft.  If 
either  runway's  threshold-to-intersection  distant^  were  greater  than  2600  feet,  then  an 
unrestricted  DCIA  procedure  with  a  (2,5)  stagger^  could  result  in  an  intersection  separation 
of  less  than  1.00  nmi  behind  a  non-heavy  aircraft  or  a  time  separation  of  less  than  76  seconds 
behind  a  heavy  aircraft. 

The  analysis  then  proceeds  to  find  the  conditicms  under  which  a  mnway  configuration  can  be 
operated  safely  with  the  shorter  threshold-to-intersection  distance  being  2600  feet  and  the 
longer  threshold  to  intersection  distance  being  greater  than  2600.  Consider  the  spreadsheet 
in  table  4-2.  This  table  shows  that  a  longer  threshold-to-intersection  distance  of  3200  feet 
results  in  an  intersection  separation  of  1.02  nmi  between  an  80  kt  leading  aircraft  and  a  150 
kt  trailing  aircraft  However,  because  a  1.00  nmi  separation  cannot  be  assured  over  the 
entire  range  of  approach  speeds  (i.e.,  between  an  80  kt  and  a  170  kt  aircraft)  then  there  needs 
to  be  a  restriction.  One  could  express  such  a  restriction  for  this  case  in  two  ways.  One  could 
either  say  not  to  pair  80  kt  or  less  leading  aircraft  with  160  kt  or  greater  trailing  aircraft  or 
just  not  let  160  kt  or  greater  aircraft  be  staggered  2  nmi  behind  any  other  aircraft.  This  last 
restriction  is  obviously  more  restrictive  than  the  former^.  The  criteria  for  the  leading  heavy 
is  also  covered  in  this  situation  with  89  seconds  if  the  "do  not  pair  80  kt  with  160  kt  aircraft" 
restriction  is  observed  or  100  seconds  if  the  "except  160  kt  aircraft"  restriction  is  observed. 

The  next  breakpoint  is  found  at  4500  feet  for  the  longer  threshold  to  intersection  distance 
(see  table  4-3).  There  are  several  ways  in  which  this  table  can  be  interpreted.  Notice  that  in 
several  places  the  separation  is  less  than  1.00  nmi,  sometimes  as  little  as  0.15  nmi.  Recall 
that  the  left-nsost  "SepMin"  column  gives  the  separation  when  the  leading  and  trailing 


4  The  nomenclature  (x,y)  when  associated  with  a  stagger  means  that  the  minimum  required 
staggo’  behind  a  non-heavy  aircraft  is  x  nmi  while  the  minimum  required  stagger  behind 
a  heavy  aircraft  is  y  nmi. 

5  In  this  analysis  the  160  kt  and  170  kt  speed  groups  are  always  grouped  together  because 
the  entire  range  represents  a  limited  number  of  aircraft  types  and  to  further  differentiate 
these  groups  would  not  make  a  difference  operationally. 
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Table  4-2.  Second  Breakpoint  Spreadsheet 


Switch 

iMd  T-X  Trail  T-X  P ASL  FAST  SapMn  TMn  StpMln  TMin  Min  S*p  Min  Thha 


2S0MluAWkid« 

2600  LMdcrR¥»y  T-X 
3200  TraHw  Rwy  T-X 
2  Stagger  Oistww* 
_5_Haaw  Stagger  OMvwa 
•0  I 


2600 

3200 

75 

154 

1.21 

1.02 

1.02 

2600 

3200 

75 

164 

1.11 

oa8 

058 

2600 

3200 

75 

174 

OM 

0.74 

0.74 

90 

2600 

3200 

85 

154 

1.43 

1.30 

1.30 

2600 

3200 

85 

164 

1J5 

1.20 

150 

2600 

3200 

85 

174 

1.28 

1.11 

1.11 

100 

2600 

3200 

95 

154 

1.57 

1.47 

1.47 

2600 

3200 

95 

164 

1.51 

1.40 

1.40 

2600 

3200 

95 

174 

1.45 

1J3 

1.33 

110 

2600 

3200 

105 

154 

1.67 

1.59 

159 

2600 

3200 

105 

164 

1.62 

153 

153 

2600 

3200 

105 

174 

1.57 

1.47 

1.47 

120 

2600 

3200 

115 

154 

1.74 

101 

1.68 

100 

1.68 

100 

2600 

3200 

115 

164 

1.70 

96 

1.63 

93 

1.63 

93 

2600 

3200 

115 

174 

1.66 

90 

158 

89 

158 

89 

130 

2600 

3200 

125 

154 

lao 

103 

1.76 

101 

1.76 

101 

2600 

3200 

125 

164 

1.77 

96 

1.71 

95 

1.71 

95 

2600 

3200 

125 

174 

1.73 

92 

1.66 

91 

1.66 

91 

threshold-u>-intersectioii  distances  are  as  shown  in  that  row  (i.e.,  the  shoner  distance 
associated  with  the  leading  aircraft).  The  "Switch  SepMin"  column  reverses  the  runways 
that  the  leading  and  trailing  aircraft  use.  TherefOTe,  in  order  to  avoid  separations  of  less  than 
1 .00  nmi  <me  could  restrict  the  slower  aircraft  to  the  runway  with  the  shorter  threshold-to- 
intersectiem  distance.  Notice  in  table  4-3  that  if  this  condition  were  applied  to  aircraft  with 
approach  speeds  of  90  kts  ot  less  most  of  the  separations  would  be  greater  than  1.00  nmi. 
Ifowever,  when  an  80  kt  aircraft  is  leading,  the  separation  resulting  from  a  170  kt  trailing 
aircraft  could  be  only  0.93  nmi.  If  a  restricitem  of  not  pairing  a  leading  80  kt  or  less  aircraft 
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Table  4*3.  Third  Breakpoint  Spreadsheet 


with  a  160  kt^  or  greater  aircraft  were  imposed,  then  the  separation  of  0.93  nmi  would  be 
eliminated.  Therefore  if  both  the  restriction  to  the  shorter  threshold-to-intersection  runway 
and  the  "no  pairing"  restriction  held,  then  for  all  other  combinations  of  speed  groups  the 
required  1.00  nmi  intersection  separation  would  be  satisfied. 


6  The  aircraft  with  approach  speeds  of  160  kts  and  170  kts  are  grouped  together  for  the 
purposes  of  this  analysis  for  the  reasons  explained  in  the  previous  footnote. 
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This  is  not  the  only  set  of  restrictions  that  could  apply  here,  however.  Notice  that  if  the  160 
kt  or  greater  aircraft  were  "excepted"  and  the  80  kt  or  less  aircraft  were  restricted  to  the 
runway  with  the  shorter  threshold-to-intersecdon  distance  the  same  effect  could  be  achieved. 
Furthermore,  not  pairing  the  90  kt  or  less  aircraft  leading  with  the  160  kt  or  greater  aircraft 
and  restricting  the  80  kt  or  less  aircraft  to  the  runway  with  the  shorter  threshold  to 
intersection  distance  could  also  achieve  the  same  effect.  Depending  on  the  traffic  mix  at  the 
airport  in  question,  one  or  another  of  these  restrictions  may  be  more  appropriate.  In 
table  4-3  the  time  separation  behind  a  heavy  is  not  an  issue  with  a  minimum  time  separation 
of  86  seconds. 

The  process  of  finding  the  next  longer  threshold-to-intersection  distance  which  gives  an 
intersection  separation  of  equal  to  or  greater  than  1.00  nmi  and  76  seconds  for  various 
approach  speed  combinations  is  continued  until  no  restrictions  of  the  types  listed  in  table  3-1 
can  be  applied.  When  this  limit  is  reached,  the  next  shorter  threshold-to-intersection 
breakpoint  is  found.  This  is  the  threshold-to-intersection  distance  where  the  90  kt  and  more 
aircraft  are  unrestricted.  This  happens  at  3400  feet  as  shown  in  table  4-4.  In  this  case  the  80 
kt  or  less  aircraft  have  to  be  excepted.  This  entire  process  is  continued  until  absolutely  all  of 
the  restriction  possibilities  are  exhausted. 

All  of  the  foregoing  analysis  was  done  assuming  that  the  stagger  distances  were  2  nmi  and  5 
nmi  fOT  non-heavy  and  heavy  leading  aircraft,  respectively.  Accwding  to  the  conditions 
agreed  to  in  table  3-1,  the  stagger  distances  for  non-heavy  leaders  could  also  be  2.5  nmi  and 
3  nmi  and  the  stagger  distance  for  heavy  leaders  could  also  be  6  nmi.  With  the  "breakpoints" 
defined  for  2  nmi  and  5  nmi  stagger,  the  spreadsheets  were  run  again  for  the  other 
combinations  of  stagger  distances.  Each  of  these  spreadsheets  with  other  stagger  distances 
were  interpreted  to  derive  the  restricdons  which  would  insure  the  proper  intersection 
separations.  As  will  be  seen  in  the  results  in  section  5,  increasing  the  stagger  distances 
reduces  the  severity  of  the  restrictions.  Of  course,  the  tradeoff  is  that  the  capacity  will  be 
lowered. 

This  entire  procedure  was  then  repeated  for  the  miss  altitudes  of  500  and  700  feet. 

The  final  element  of  the  analysis  was  to  determine  the  iqjpropriate  stagger  distances  for  the 
aircraft  that  were  "excepted."  The  basic  rule  for  considering  "excepted"  aircraft  is  that  if 
there  is  a  runway  restriction  (e.g.,  restrict  80  kt  or  less  aircraft  to  the  runway  with  the  shorter 
threshold  to  intersection  distance)  for  a  given  runway  configuration,  then  that  restriction  still 
applies  when  the  "excepted"  aircraft  is  allowed  to  be  part  of  the  procedure.  Consider 
table  4-5  as  an  example  of  how  such  a  case  is  analyzui.  In  this  example  there  is  a  1 10  kt 
restriction  (meaning  that  aircraft  which  are  1 10  kts  or  less  must  be  assigned  to  the  runway 
with  the  shorter  threshold-to-intersection  distance).  This  means  that  a  120  kt  aircraft  must  be 
separated  from  a  170  kt  aircraft  by  l.(X)  nmi  for  all  simations  (i.e.,  runway  assignment  and 
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Table  4'4.  Next  Shorter  Threshold  to  Intersection  Breakpoint  Spreadsheet 


T-X  Trail  T-X  FASL 


S«Mch 

FAST  SapMln  TMm  S^iin  TMin  Min  Sap  Min  Time 


2S0  MiMAMNude 
3400  Leeder  Rwy  T-X 
3400  Traiter  Rwfy  T-X 
2  Stagoer  OlstMoa 


r  Sagger  Oietanoe 


3400 

3400 

7S 

164 

0.04 

OM 

0.04 

3400 

3400 

75 

164 

0.77 

0.77 

0.77 

3400 

3400 

75 

174 

0.61 

0.61 

0.61 

90 

3400 

3400 

86 

154 

126 

1.26 

136 

3400 

3400 

85 

164 

1.15 

1.15 

1.15 

3400 

3400 

86 

174 

1.02 

1.02 

1.02 

100 

3400 

3400 

06 

154 

1.44 

1.44 

1.44 

3400 

3400 

06 

164 

1.37 

137 

137 

3400 

3400 

96 

174 

1.29 

130 

130 

110 

3400 

3400 

106 

154 

1J6 

1.56 

1.56 

3400 

3400 

106 

164 

1.50 

1.50 

1.50 

3400 

3400 

106 

174 

1.44 

1.44 

1.44 

1» 

3400 

3400 

115 

154 

1.66 

90 

1.66 

00 

1.66 

90 

3400 

3400 

115 

164 

1.61 

02 

1.61 

02 

1.61 

02 

3400 

3400 

115 

174 

1.55 

86 

1.55 

86 

155 

86 

130 

3400 

3400 

125 

154 

1.74 

101 

1.74 

101 

1.74 

101 

3400 

3400 

125 

164 

1.60 

04 

1.60 

04 

1.60 

94 

3400 

3400 

125 

174 

1.64 

00 

1.64 

90 

1.64 

90 

leading/trailing  status)  and  all  1 10  kt  or  less  aiicrait  must  be  separated  from  all  other  aircraft 
by  more  than  1.00  nmi  when  the  1 10  kt  or  less  aircraft  are  assigned  to  the  runway  with  the 
shorter  threshold-to-intersection  distance.  In  table  4-5  the  non-heavy  stagger  distance  was 
determined  such  that  the  120  kt  leading/170  kt  trailing  case  is  separated  by  exactly  1.00  nmi. 
At  the  same  time  the  heavy  stagger  distance  was  determined  such  that  the  120  kt  leading 
heavy/170  kt  trailing  case  is  separated  by  exactly  76  sec.  The  3.3872  nmi  non-heavy  stagger 
distance  was  then  rounded  up  to  3.5  nmi  and  the  6.3228  nmi  heavy  stagger  distance  was 
rounded  up  to  7  nmi  in  keeping  with  the  half-mile  stagger  increments  for  non-heavy  leading 
aircraft  and  the  one  mile  stagger  increments  for  heavy  leading  aircraft  found  in  table  3-1. 
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Table  4-5.  Excepted  Aircraft  Analysis  With  Restriction 


cMfmn 

LMdT-X  TrailT-X  FASL  FAST  SapMin  TMin  SapMln  TMln  MinSap  Mm  Time 


2S0  MiacAMhide 
3400  Leader  RwyT-X 
17800  TraHar  RwyT-X 
3^72  Stagger  Oiatanoa 
e^^BJHaaw  Stagger  Diatanoa 


3400 

17800 

75 

154 

2.02 

-2.79 

•2.79 

3400 

17800 

75 

164 

1.61 

■3.73 

■3.73 

3400 

17800 

75 

174 

1.43 

-4.32 

•4.32 

90 

3400 

17800 

86 

154 

2.30 

-1.08 

•1.08 

3400 

17800 

85 

164 

2.07 

-1.73 

-1.73 

3400 

17800 

86 

174 

1.92 

-2.18 

•2.18 

100 

3400 

17800 

96 

154 

2.65 

0.07 

0.07 

3400 

17800 

96 

164 

2.38 

-0.34 

■0.34 

3400 

17800 

96 

174 

2.26 

■0.70 

-0.70 

110 

3400 

17800 

106 

154 

2.81 

0.79 

0.79 

3400 

17800 

106 

164 

2.62 

0.54 

0.54 

3400 

17800 

106 

174 

2.51 

0.30 

0.30 

lao 

3400 

17800 

115 

154 

2.94 

119 

1.36 

87 

1.36 

87 

3400 

17800 

115 

164 

^78 

104 

1.20 

81 

1.20 

81 

3400 

17800 

115 

174 

2.70 

98 

1.00 

76 

1.00 

76 

130 

3400 

17800 

125 

154 

3.04 

121 

1.79 

97 

1.79 

97 

3400 

17800 

125 

164 

2.90 

106 

1.65 

00 

1.65 

90 

3400 

17800 

125 

174 

2.83 

100 

1.51 

86 

161 

86 

If  the  ninway  configuration  does  not  require  a  restriction,  then  including  an  "excepted" 
aircraft  into  the  qieration  means  that  an  80  kt  leading  aircraft  and  a  170  kt  trailing  aircraft 
must  be  accommodated.  An  example  of  the  analysis  for  this  situation  is  shown  in  table  4-6. 
Hie  non-heavy  separation  at  the  intersection  between  an  80  kt  leading  aircraft  and  a  170  kt 
trailing  aircraft  is  1.00  nmi.  The  stagger  to  achieve  this  is  2.21S1  nmi.  At  the  same  time  the 
required  heavy  stagger  to  achieve  76  seconds  between  a  120  kt  leading  heavy  and  a  170  kt 
trailing  aircraft  is  4.3542  nmi. 
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Table  4*6.  Excepted  Aircraft  Analysis  With  Restriction 


Switch 

LMdT-X 

TrrtT-X  FASL  FAST 

TMin 

SapMin  UMin  Min  Sap 

Min  Tima 

2S0  MiMAMttNte 

2600  LMdw  RwyT-X 
3200Triii«rRiivyT-X 

2^151  Staggw  Otatanoa 

4S542  H4 

MW 

SMgow  DIaianea 

ao 

2800 

3200 

75 

154 

1.43 

164 

1.24 

2600 

3200 

75 

164 

1.33 

1.13 

1.13 

2600 

3200 

75 

174 

1.24 

1.00 

1.00 

90 

2600 

3200 

as 

154 

1.65 

1.51 

1.51 

2600 

3200 

86 

164 

167 

1.42 

1.42 

2600 

3200 

85 

174 

1.48 

1.32 

1.32 

100 

2600 

3200 

95 

154 

1.78 

1.68 

1.68 

2600 

3200 

96 

164 

1.73 

1.62 

1.62 

2600 

3200 

96 

174 

1.67 

1.54 

1.54 

110 

2600 

3200 

106 

154 

1.88 

1.80 

160 

2600 

3200 

106 

164 

163 

1.74 

1.74 

2600 

3200 

106 

174 

1.78 

1.68 

1.68 

120 

2600 

3200 

115 

154 

1.96 

88 

1.90 

86 

1.90 

86 

2600 

3200 

115 

164 

1.91 

82 

1.84 

80 

1.84 

80 

2600 

3200 

115 

174 

167 

77 

1.79 

76 

1.79 

76 

IX 

2600 

3200 

125 

154 

2.02 

88 

1.97 

88 

1.97 

88 

2600 

3200 

125 

164 

168 

83 

1.93 

82 

1.93 

82 

2600 

3200 

125 

174 

1.94 

79 

168 

78 

1.88 

78 

4  J  SECOND  ORDER  MODEL 


A  second  order  model  was  developed  independently  of  the  nxxlel  described  in  section  3  and 
was  used  for  three  verification  and  validation  functions: 


a.  Voification  of  the  model  equations  and  software 

b.  Evaluation  of  the  stability  of  nnodel's  numerical  calculations 

c.  Corroboration  of  DCI A  procedure  restrictions 
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Conceptually,  the  second  oitlcr  model  and  the  original  EX21A  model  described  in  section  3 
are  the  same  except  the  second  order  model  models  the  trailer  missed  approach  maneuver 
(from  the  missed  approach  point  to  the  intersection  of  the  runway  centerlines)  using  a 
constant  acceleration  rather  than  an  instantuteous  increase  in  speed.  The  constant 
acceleration  is  chosen  so  that  if  there  were  no  wind  the  trailing  aircraft  would  reach  the 
intersection  of  the  runway  centerlines  at  the  same  time  as  it  would  have  using  the  original 
model.  Because  wind  is  constant  in  both  models,  it  follows  that  the  trailer  teaches  the 
intersection  of  the  runway  centerlines  at  Jie  same  time  in  both  tnodels  even  when  wind  is 
taken  into  account. 

Because  both  models  are  identical  except  for  the  missed  approach  maneuver  of  the  trailing 
aircraft,  the  separation  computed  by  both  models  is  the  same  if  the  trailing  aircraft  has  not 
yet  reached  irs  missed  approach  point  when  the  leader  reaches  the  intersection  of  the  runway 
centerlines.  In  the  original  model,  the  trailing  aircraft  takes  a  time,  say  T,  to  travel  from  its 
missed  approach  point  to  the  intersection  of  the  runway  centerlines.  The  second  order 
model's  acceleration  causes  the  trailing  aircraft  to  attain  the  missed  approach  speed  used  in 
the  original  model  at  time  T/2.  Therefore,  until  time  T/2  the  second  order  model's  trailing 
aircraft  is  traveling  slower  than  the  orginal  model's  trailing  aircraft.  Since  the  trailing 
aircraft  reaches  the  intersection  of  the  runway  centerlines  at  the  same  time  in  both  models,  it 
follows  that  during  the  missed  approach  maneuver,  the  second  order  nxxicrs  trailing  aircraft 
is  always  behind  the  the  original  model's  trailing  aircraft.  This  implies  that  the  separation 
computed  by  the  second  order  model  is  always  at  least  as  large  as  that  computed  by  the 
original  model  described  above.  Therefore,  the  second  order  model  is  slightly  less 
conservative  than  the  original  model.  Moreover,  because  the  two  models  are  so  similar  and 
the  acceleration  is  a  second  order  effect,  the  separations  they  compute  are  comparable. 

The  orginal  model  was  implemented  as  a  spreadsheet  model  on  an  IBM  PC  compatible 
computer  while  the  second  order  nxxlel  was  developed  and  implemented  independently 
using  the  Mathematica  programming  language  on  a  Macintosh  computer^.  Hence,  direct 
comparison  of  equations  and  model  outputs  were  sufficient  to  verify  the  original  model's 
equations  and  software.  The  results  of  this  comparison  can  be  found  in  section  5.3. 


7  IBM  is  a  lettered  tradmark  of  the  International  Business  Machines  Corporation, 

Macintosh  is  a  registered  trademark  of  Apple  Computer,  Incorporated,  and  Mathematica 
is  a  registered  trademark  of  Wolfram  Research,  Inc. 
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SECTION  5 


RESULTS 


5.1  GENERAL  DCIA  PROCEDURE 

The  analysis  that  was  described  in  section  4  was  performed  and  the  results  are  shown  in 
tables  5-1, 5-2  and  5-3.  These  tables  are  appn^riate  for  decision  heights  of  250  feet  or  less, 
decision  heights  between  251  feet  and  500  feet,  and  decision  heights  between  501  feet  and 
700  feet,  respectively.  These  tables  have  been  set  up  to  allow  a  facility  with  a  given  runway 
configuration  to  determine  which  stagger  distances  and  which  restrictions  apply  to  their 
operations.  The  following  discussion  lists  the  steps  necessary  to  be  taken  by  a  facility  to  use 
the  table. 

1.  Identify  all  the  runway  configurations  for  which  the  facility  wishes  to  use  the 
DCIA  procedure.  For  each  runway  configuration,  follow  steps  2  through  6  below. 

2.  Determine  the  point  of  intersection  of  the  two  converging  runways  or  their 
extended  centerlines.  Determine  the  distances  from  each  runway  threshold  to  the 
intersection  point 

3.  Determine  the  decision  heights  for  each  runway  and  select  the  larger  of  the  two 
decision  heights. 

4.  If  the  decision  height  determined  in  step  3  is  250  ft  or  less,  use  table  5- 1 .  If  the 
decision  height  determined  in  step  3  is  between  251  ft  and  500  ft  use  table  5-2. 

If  the  decision  height  determined  in  step  3  is  between  501  ft  and  700  ft  use 
table  5-3. 

5.  Within  the  table  chosen  in  Step  4,  go  to  the  row  that  covers  the  runway 
conriguration  (i.e.,  the  combinaticxi  of  threshold-to-intersection  distances 
determined  in  step  2)  to  find  the  DCIA  procedure  that  the  facility  may  use  for  this 
configuration.  The  procedure  is  determined  by  the  stagger  value  required  and 
certain  restrictions  and/or  exceptions.  All  of  the  options  provide  the  required 
level  of  safety.  The  tradeoff  is  between  the  potential  throughput  and  the  severity 
of  tlw  restrictions.  If  several  optitxis  are  identified,  the  facility  may  select  one 
that  is  most  operationally  suitable.  It  is  expected  that  the  facility  will  express  the 
restrictions  and  exceptions  in  terms  of  aircraft  types  (e.g.,  80  kt  or  less  aircraft 
could  be  classified  as  single  engine  general  aviation  aircraft)  that  are  meaningful 
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Table  5>1.  DCIA  Procedure  for  Decision  Heights  of  250  ft  <Mr  Less 


1 

Shorter  distance 
firom  threshold  to 
intersection 

Longer  distance  from 
threshold  to 
intersection 

DCIA  Procedure 

Stagger  aircraft  to  converging  runways 
using  indicated  stagger  distances; 
restrictions  noted 

Suuernile 

for 

"Excepted* 

•iicnfl 

KH 

NA 

2 

Up  to  2600  ft 

2601  ft  to  3200  ft 

•  Do  not  pair  80  let  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 

trailing:  stagger  rale  is  (24) 
or 

•  Except  160  kt  or  greater  aircraft; 
stagger  rale  is  (24) 

or 

•  No  restrictions;  stagger  rale  is 

(244) 

NA 

(2.5,5)  or 
skip  a  slot 

NA 

3 

Up  to  2600  ft 

3201ftto4S00ft 

•  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 

rale  is  (24) 

or 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  aad  except  160 
kt  or  greater  aircraft;  stagger  rale  is 

(24) 

or 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rale  is  (24) 

or 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stagger  rule  is 
(244) 

or 

•  Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing;  stagger  rale  is  (244) 

or 

NA 

(2.5,5)  or 
skip  a  sl(X 

NA 

NA 

NA 

5-2 


No  restrictioiis:  itiiifr  rale  is  (3 


Rearia  90  kt  or  less  lifcnft  to 
runway  with  shoner  thredwld  to 
imefsectiao  disiance  and  do  not  pair 
100  kt  or  less  aircraft  leading  with 
160  kt  or  greater  aircraft  trailing; 
«aacrrakis(23) 


•  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshed  to 
intenectioo  disiance  and  excq;it  160 
kt  or  greater  aircraft;  ataner  rale  is 
(24) 

or 

•  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
ralek(24) 

or 

•  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersecQon  distance:  stagger  rale  is 

(244) 

or 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  disiance  and  do  not  pair 
90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rale  is  (244) 

or 

•  Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing;  stagger  rale  is  (34) 

or 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stager  nrie  is 


(2.54)  or 
skip  a  slot 
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5 

Up  to  2600ft 

5901  ft  to  7500  ft 

#  Reaffict  100  kt  or  less  aiictaft  to 
runway  with  shorter  threshtrid  to 
imenectioQ  distance  aud  do  not  pair 
110  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 
Mi0arralaia(23) 

«r 

#  Re«rict  100  kt  or  leas  aircraft  to 
runway  with  shorter  threshold  to 
interaection  disiaiice  and  excqx  160 

kt  or  greater  aircraft;  Maox’ nile  ■ 
(2A 

or 

#  Restrict  1 10  kt  or  less  aircraft  to 
runway  with  shorter  thredu^  to 
interaectioii  distance  aud  do  not  pair 
80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
nrieis(24) 

or 

#  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshcrid  to 
intersection  distance;  stagger  rale  is 

(2JA 

or 

#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  thresht^  to 
intersection  distance  aad  do  not  pair 
100  kt  or  less  aircraft  leading  with 

160  kt  or  gre^  aircraft  trailing; 
stagger  rale  is  (244) 

or 

#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
iiuersection  distance;  stagger  rale  is 
(34) 

6 

Up  to  2600ft 

7501  ft  to  9700  ft 

•  Restrict  110  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 
(24) 
or 

NA 


(2.54)  or 
sidpaslot 


NA 


NA 


NA 


NA 


(2.5,6)  or 
sidpaslot 
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ift  9701  ft  to  10600  ft 


#  Restrict  100  kt  or  less  aircraft  to 

(2.5.6)  or 

runway  with  shorter  threshold  to 
iaienectioa  distance  and  except  160 
kt  or  greater  aircraft;  staoer  role  is 
(2J4) 

skip  a  slot 

or 

#  Restrict  90  kt  or  less  aircraft  to 

(3.6)  or 

runway  with  shorter  threshdd  to 
intenecdon  distance  and  except  160 
kt  or  greater  aircraft;  staner  rale  is 
(33) 

skip  a  slot 

or 

•  Restrict  110  kt  or  less  aircraft  to 

(2.5.6)  or 

nmway  with  shorter  threriiold  to 
intersectk»  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 

(23) 

skip  a  slot 

or 

#  Restrict  1 10  kt  or  less  aircraft  to 

NA 

runway  with  shtHter  threshold  to 
interaection  distance;  stagger  rale  is 

(233) 

or 

#  Restrict  100  kt  of  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance;  stagger  rale  is 

(33) 

#  Restrict  120  kt  or  less  aircraft  to 

(2.5.6)  or 

nnway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 
(23) 

ddpaslot 

or 

#  Restrict  100  kt  or  less  aircraft  to 

(2.5,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 

(233) 

skip  a  slot 

or 

#  Restrict  90  kt  or  less  aircraft  to 

(3.5,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 
(33) 

ddpaslot 

or 
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#  Rtttict  llOktorlessaiicnft  to 
ranway  with  dioner  threshold  to 
imeneciioa  disisnce;  Menir  role  is 

(254) 

#  Rettict  100  kt  or  less  aircraft  to 

noway  with  ahoner  threshold  to 
hMenectioa  disMnce:  Maner  is 

04) 

NA 

NA 

10601  ftto  12200ft 

#  Resttia  110  kt  or  kss  aircraft  to 
noway  with  shorter  threshdd  to 
toienection  distance  and  except  160 
kt  or  fieater  aircraft;  Stoner  role  is 
(255) 
or 

(3.6)  or 
skip  a  slot 

#  Restrict  1 10  kt  or  tess  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  staner  role  is 
(254) 
or 

NA 

#  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  excqpt  160 
kt  or  greater  aircraft;  stacgcr  rule  is 
(35) 
or 

(3.5,6)  or 
skip  a  slot 

#  Restrict  120  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stagf^  rale  is 
(254) 
or 

NA 

#  Restrict  110  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersecdon  distance;  stagpser  rale  is 
(34) 

NA 

12201  ft  to  13900  ft 

#  Restrict  110  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  staiMr  rale  is 
(254) 
or 

(3.6)  or 
skip  a  slot 

•  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stance  euie  is 

NA 

.Mj. 


10  1  Upto2600ft 


13901  ft  to  17600  ft 


11  Upto2600ft  17601  ft  to  19700  ft 


Restrict  120  kt  or  less  aiiciaft  to 
funway  with  shorter  threshold  to 
inienectioo  distance  and  excqpt  160 
kt  or  greater  aircraft;  stagger  rale  is 
(15A 


Restrict  120  kt  or  less  aircraft  to 
rasway  with  shorter  threshold  to 
iniersectioa  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 


(3.7)  or 
sidpaslot 


(3.7)  or 
skip  a  slot 


12  2601  ft  to  3400  ft 


Up  to  3400  ft  •  Except  80  kt  or  less  aircraft;  stagger  (2.S.5)or 
rale  is  (2^  skip  a  slot 


No  restrictions;  stagger  rale  is 
(15 


Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersectioa  disuuice  and  except  80  kt 
or  less  aircraft;  stagger  rale  is  (2,5) 


Do  not  pair  90  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  80  kt  or  less 
aircraft;  stagger  rale  is  (24) 

Restrict  80  kt  or  less  aircraft  to 
runway  with  shtmer  threshold  to 
intersection  distance;  stager  rale  b 
(154) 

Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing;  stagger  rale  b  (244) 

No  restrictions;  staaier  rale  b  (3  ~ 


Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
inieraectiott  distance  and  do  not  pair 
I(X)  kt  or  less  aircraft  leading  with 
160  kt  or  greater  aircraft  trailing  and 
except  80  kt  or  less  aircraft;  stagger 
raleb(24) 


(2.54)  or 
sidpaslot 


(34)  or 
skip  a  slot 


NA 


(244)  or 
ridpaslot 
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Reattict  90  kt  or  less  siicnift  to 
nmway  with  shoner  threshold  to 
intenectioo  disaoce  awl  except  80  kt 
or  lew  aiicnft  aad  except  160  kt  or 
greater  aiiciaft;  slaner  rale  is  (2,5) 

(2.5,5)  Of 
ddpaslot 

Restrict  90  kt  or  less  aiicnft  to 
raaway  with  shoner  tfareshtrid  to 
iwersectioo  disttnee;  stao***  ”>1* '» 
(25J) 

NA 

Resiria  80  kt  or  less  aiiciaft  to 
nannqr  with  shoner  threabokl  to 
iniersection  distance  and  do  not  pair 

90  kt  or  less  aiiciaft  leading  with  160 
kt  or  greater  aiicnft  nailing;  stagger 
ralciB(2^«5) 

NA 

Restrict  80  kt  or  less  aiicnft  to 
ninway  v-ith  shoner  threshold  to 
intersection  distance;  stagger  mle  is 
(3^ 

NA 

Do  not  pair  80  kt  or  less  aiicnft 
leading  with  160  kt  or  greater  aiicnft 
trailing;  stagger  rale  is  (3,5) 

NA 

15 

2601  ft  to  3400  ft 

5801  ft  to  7500  ft 

•  Restrict  100  kt  or  less  aiicnft  to 

(2.55)  OT 

ninway  with  shoner  threshold  to 
intersection  distance  and  except  80  kt 
or  less  aiicnft  and  except  160  kt  or 
greater  aiicnft;  stagger  rale  b  (2,5) 

skip  a  slot 

or 

#  Restrict  100  kt  or  less  aircraft  to 

NA 

ninway  with  shorter  threshold  to 
intersection  distance;  stagger  role  is 

(253) 

or 

•  Restrict  90  kt  or  less  aiicnft  to 

NA 

ninway  with  shoner  threshold  to 
intersection  distance  aad  do  not  pair 
100  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aiicnft  trailing; 
stagger  rale  is  (255) 

or 
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•  Resokt  90  kt  or  less  aircfaft  to 

NA 

nmwty  with  shorter  threshold  to 
inienection  disunce:  ataner  rule  is 
(34) 

or 

•  Restrict  80  kt  or  less  aircraft  to 

NA 

runway  with  shorter  tiueshold  to 
intenectian  distance  and  do  not  pair 

90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rtdeb(34) 

16 

2601  ft  to  3400  ft 

7501  ft  to  9700  ft 

•  Restrict  110  kt  or  less  aircraft  to 

(3.6)  or 

runway  with  shorter  threshold  to 
intersectian  distance  and  except  80  kt 
or  less  aircraft  aad  except  160  kt  (m- 
greater  aircraft;  stagger  rule  is  (24) 

skip  a  slot 

or 

#  Restrict  100  kt  or  less  aircraft  to 

(3.6)  or 

runway  with  shorter  threshold  to 
intersection  distance  atMl  except  160 
kt  or  greato'  aircraft;  stagger  role  is 
(244) 

skip  a  slot 

or 

•  Restrict  90  kt  or  less  aircraft  to 

(3,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  aad  except  160 
kt  or  greater  aircraft;  stagger  rule  is 

(34) 

skip  a  slot 

or 

•  Restrict  1 10  kt  or  lesss  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance  aod  do  not  pair 

80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rale  is  (2J4) 

or 

•  Restrict  KX)  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  U) 
intersection  distance;  stagger  rule  is 
(34) 

17 

2601  ft  to  3400  ft 

9701  ft  to  12100  ft 

•  Restrict  120  kt  or  less  aircraft  to 

(3,6)  or 

naiway  with  shorter  thrediold  to 
intersection  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  rule  is  (24) 

skip  a  slot 

or 
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•  Restrict  no  kt  or  leas  aircraft  to 

(3,6)  or 

lUDway  witk  ahnter  dweshoid  to 
iaienection  distance  and  except  160 
kt  or  greater  aircraft;  alaner  rale  is 
(254) 

skip  a  slot 

or 

•  Restrict  100  kt  or  less  aircraft  to 

(3.6)  or 

fODway  widi  shorter  threshold  to 
iatenectian  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 
(35) 

skip  a  slot 

or 

•  Restrict  120  kt  or  leas  aircraft  to 

NA 

ninway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
mle  k  (25,6) 

or 

•  Restrict  110  kt  or  less  aircraft  to 

NA 

runway  with  shorter  thredudd  to 
inieisectioo  distance;  stagger  rule  is 
(35) 

•  Restrict  120  kt  or  less  aircraft  to 

NA 

runway  with  dioiter  threshold  to 
intersection  distance  and  do  not  pair 

90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  riicraft  trailing;  stagger 

rale  k  (255) 

or 

•  Restrict  110  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance;  stagger  role  k 
(35) 

•  Restrict  110  kt  or  less  aircraft  to 

(3.5,7)  or 

runway  with  shorter  threshold  to 
intersectioo  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  k 
(35) 

skip  a  slot 

•  Except  80  kt  or  tess  aircraft  and  do 

(35)0- 

not  pair  90  kt  or  less  aircraft  leading 
with  160  kt  or  greater  aircraft  trailing; 
stagger  rale  k  (25) 

slap  a  slot 

or 
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21  3401ftlo4400ft  4401  ft  to  S800  ft 


•  ExcqM  80  kt  or  less  aircraft  and 

(34)  or 

except  160  kt  or  greater  aircraft; 

skip  a  slot 

■laiiT — •-  ^-trn 

or 

•  Do  not  pair  80  kt  or  less  aircraft 

NA 

leading  with  160  kt  or  greater  aircraft 
trailing:  stoByr  nrie  is  (2J4) 

or 

•  No  restrictioiis;  its  rtf r  mie  is  (34) 

NA 

•  KesBict  110  kt  or  less  aircraft  to 

(34)  or 

lUDway  with  shoner  threshold  to 
intemctioo  distance  trad  do  not  pair 
too  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing  and 
except  90  kt  or  less  aircraft;  stagger 
ndcis(24) 

skip  a  slot 

or 

•  Except  90  kt  or  less  aircraft  and  do 

(344)  or 

not  pair  110  kt  or  less  aircraft  leading 
with  160  kt  or  greater  aircraft  trailing; 

stagger  rule  is  (24) 

skip  a  slot 

or 

•  Exc^  90  kt  or  less  aircraft  and 

(34,5)  OT 

except  160  kt  or  greater  aircraft; 

stagger  role  is  (24) 

skip  a  slot 

or 

•  Restrict  90  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshcdd  to 
intersection  distance  and  do  not  pair 
80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
mIe  is  (244) 

or 

•  Restrict  80  kt  or  less  aircraft  to 

NA 

runway  with  dioner  thrediold  to 
intersection  distance  aad  do  not  pair 
90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rale  is  (244) 

or 

•  Restrict  80  kt  or  less  aircraft  to 

NA 

runway  with  shorter  tiuedudd  to 
intersection  distance;  stagger  rule  is 

(34) 

or 
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3401  ft  to  4400  ft  5801  ft  to  7400  ft 


23  3401  ft  to  4400  ft  7401  ft  to  9600  ft 


#  Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greats  aircraft 
trailinr.  Maer  nde  it  (3,5) 

NA 

#  Restrict  100  kt  or  less  aircraft  to 

(33)  or 

ranwi^  with  shorter  Uneshtrid  to 
iaienectioo  distanoe  aad  except  90  kt 
or  leas  aircraft  and  except  160  kt  or 
greater  aircraft;  ttaarr  rale  is  (2,5) 
or 

skip  a  slot 

#  Restrict  100  kt  or  leas  aircraft  to 
ranway  with  shorter  threshtdd  to 
intenectioD  distance  and  do  not  pair 

80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
ndcis(2^ 
or 

NA 

#  Restrict  90  kt  or  less  aircraft  to 
nmway  with  shorter  thrediold  to 
intersection  distance  and  do  not  pair 
100  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 
stagger  rale  is  (2J3) 
or 

NA 

#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stagger  rale  is 

(33) 

or 

NA 

#  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rale  is  (33) 

NA 

•  Restrict  110  kt  or  less  aircraft  to 

(3,6)  or 

runway  with  shorter  threshcM  to 
intersection  distance  and  excqK  90  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  rale  is  (23) 
or 

skip  a  slot 

•  Restrict  100  kt  or  less  aircraft  to 

(3.6)  or 

runway  with  shorter  thredioid  to 
intersection  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  mk  is 
(2J3) 
or 

slop  a  slot 
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•  Restrict  90  kt  or  less  aircraft  to 

(3.5,6)  or 

nnway  with  shorter  threshdd  to 
iiuemctiQit  disance  md  except  160 
kt  or  greater  aircraft;  atan^r  rule  is 

(3^ 

skip  a  slot 

or 

#  Rearict  100  kt  or  leas  aircraft  to 

(3.6)  or 

nraway  with  shorter  thresiKrid  to 
intenectkn  durance  Md  except  80  kt 
or  less  aircraft  arad  do  not  pair  110  kt 
or  leas  aircraft  leading  with  160  kt  or 
greater  aircraft  trailing;  stagger  rule 

skip  a  slot 

or 

•  Restrict  90  kt  or  less  aircraft  to 

NA 

runway  with  diorter  threshold  to 
intersection  distance  and  do  not  pair 
100  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 
staffer  rale  is  (3,6) 

•  Restrict  120  kt  or  less  aircraft  to 

(3.5,6)  or 

runway  with  shorter  ttueshold  to 
intersection  disance  and  except  90  kt 
or  less  aircraft  Md  except  160  kt  or 
greater  aircraft;  stagger  rule  is  (2,5) 

skip  a  slot 

or 

•  Restrict  110  kt  or  less  aircraft  to 

(3.5,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  rule  is 
(2^ 

skip  a  slot 

or 

•  Restrict  100  kt  or  less  aircraft  to 

(3.5,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(3,5) 

skip  a  slot 

or 

•  Restrict  120  kt  or  less  aircraft  to 

(3.5,6)  or 

runway  with  shorter  threshold  to 
iniersectioo  distance  and  except  80  kt 
or  less  aircraft  aad  do  not  pair  90  kt 
or  less  aircraft  leading  with  160  kt  or 
greater  aircraft  trailing;  stagger  rule 
if  (2^,6) 

skip  a  slot 

or 
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25 


3401  ft  to  4400  ft 


12201  ft  to  13900  ft 


•  Restrict  1 10  kt  or  less  aircraft  to 
nnway  with  shorter  thitsshold  to 
intenectkn  distance  and  do  not  pair 

80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stager 
rakia(3^ 

NA 

•  Restrict  120  kt  or  less  aircraft  to 

(3.5,6)  or 

rtaiway  with  shorter  threshold  to 

skip  a  slot 

iiuersectioii  disiance  astd  except  80  kt 

or  less  aircraft  $mi  except  160  kt  or 

greater  aircraft:  stagy  r  rale  is 

or 

#  Restrict  1 10  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 

interaectiao  distuKe  aad  do  nc*t  pair 

80  kt  or  less  aircraft  leading  with  160 

kt  or  greater  aircraft  trailing;  stagger 

rale  is  (3^ 

or 

•  Restrict  100  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 

interseetkm  distance  aad  (k)  not  pair 

1 10  kt  or  leas  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 

ataacr  rale  is  (3,6) 

•  Restrict  110  kt  or  less  aircraft  to 

(3.5,7)  or 

runway  with  shorter  threshold  to 

SKip  a  slot 

inieraection  distance  aad  except  160 

kt  or  greater  aiicrafu  stagger  rale  is 

•  Except  90  kt  or  less  aircraft  aad  do 

(3.5,5)  or 

not  pair  1 10  kt  or  less  aircraft  leading 

ddp  a  slot 

with  160  kt  or  greater  aircraft  trailing; 

staoer  rale  is  (2,5) 

or 

•  Except  90  kt  or  less  aircraft  and 

(3.53)  or 

except  160  kt  or  greater  aircraft; 

skip  a  slot 

stagger  ride  is  (23) 

or 

#  Except  80  kt  or  less  aircraft  aad  do 

(3.53)  or 

not  pair  90  kt  or  less  aircraft  leading 

skip  a  slot 

itnth  160  kt  or  greater  aircraft  trailing; 

staler  rale  is  (233) 

or 
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#  Do  not  pair  80  kt  or  less  aircraft 
leadoig  with  160  kt  or  greater  aircraft 
trailiiut:  stasacr  rale  is  (33) 

NA 

#  Except  80  kt  or  less  aircraft  aad  do 

(43)  or 

not  pair  90  kt  or  less  aircraft  leading 
with  160  kt  or  greater  aircraft  trailing; 

staner  rale  is  (233) 
or 

skip  a  slot 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intenection  distance  aad  do  not  pair 

80  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rale  ■(33) 

NA 

#  Except  80  kt  or  less  aircraft  aad  do 

(43)  or 

not  pair  100  kt  or  less  amoaft  leading 
with  160  kt  or  greater  aircraft  trailing: 
stagger  rale  is  (233) 
or 

skip  a  slot 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
inieiaection  distance  and  do  not  pair 

90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rale  it  (33) 

NA 

Restrict  1 10  kt  or  less  aircraft  to  (4,6)  or 

nmway  with  shorter  tfseshoid  to  skip  a  slot 

intersection  distance  and  except  90  kt 

or  less  aircraft  and  except  160  kt  or 

greuer  aircraft;  staner  rale  is 

(2J^ 

Restrict  100  kt  or  less  aircraft  to  (4.6)  or 

runway  with  shorter  threshold  to  skip  a  slot 
intersection  distance  aani  except  160 
kt  or  greater  aircraft;  alaner  rale  is 
(33) 

Restrict  1201a  or  less  aircraft  to  (4,6)  or 

runway  with  shorter  threshold  U)  skip  a  slot 

iruersection  distance  and  except  80  kt 
or  les  aircraft  and  do  not  pair  100  kt 
or  less  aircraft  leading  with  160  kt  or 
greater  aircraft  trailing;  staner  rale 
it  (233) 


•  Resokt  100  kt  or  less  aircraft  to 
ninway  with  shorter  threshold  to 
iiuenectioa  distance  and  do  not  pair 
100  kt  orless  aircraft  with  160  kt  or 
ndeisO 


#  Restrict  110  kt  or  less  aircraft  to 
nnway  with  shorter  doeshold  to 
iflteraectioii  distance  aad  except  90  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  ataner  rale  is 

(W) 

or 

#  Restrict  110  kt  or  less  aircraft  to 
ninway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing  and 
except  80  ktor  less  aircraft;  stagger 
rale  is  (3,6) 


•  Restrict  1 10  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intenectioa  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 
Kreater  aircraft;  staiaer  rale  is  (3,6) 


•  Except  80  kt  or  less  aircraft  and  do 
not  pair  90  kt  or  less  aircraft  leading 
with  160  kt  or  greater  aircraft  traLing; 

stagger  rale  is  (2  J,5) 
or 

•  Except  80  kt  or  less  aircraft;  stagger 
rale  is  (34) 


•  RestTKt  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  except  80  kt 
or  less  aircraft  and  do  not  pair  1(X)  kt 
or  less  aircraft  leading  with  160  kt  or 
greater  aircraft  trailing;  stagger  rale 

Is  (244) 
or 

•  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  daesht^d  to 
intersection  distance  and  except  80  kt 
or  less  aircraft;  stagger  rale  is  (34) 


(4.6)  or 
skip  a  slot 


(4.6)  or 
skip  a  slot 


(4.7)  or 
skip  a  slot 


(44)  or 
skip  a  slot 


(44)  or 
skip  a  slot 


skip  a  slot 


skip  a  slot 


#  Do  iKM  pair  90  kt  or  less  aircraft 

NA 

leading  with  160  kt  or  greater  aircraft 
trailing  aad  except  80  kt  or  less 
aircraft;  stancr  mlc  is  (33) 

35 

5701  ft  to  6400  ft 

6901  ft  to  10800  ft 

•  Restrict  1(X)  kt  or  less  aircraft  to 

(4.6)  or 

runway  with  shoner  threshold  to 
intersectioa  disiaiKe  and  except  90  kt 
or  less  aircraft  and  excqa  160  kt  or 
greater  aircraft;  stafsernle  is 
(233) 

skip  a  slot 

or 

#  Restrict  90  kt  or  less  aircraft  to 

(4,6)  or 

runway  with  diorter  threshold  to 
intersection  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 

slop  a  slot 

greater  aircraft;  stagger  rule  is  (33) 
or 

•  Restrict  100  kt  or  less  aircraft  to 

(4,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing  and 
except  80  kt  or  less  aircraft;  stagger 
mleis(33) 

skip  a  slot 

36 

5701  ft  to  6400  ft 

10801  ft  to  12100  ft 

•  Restrict  1 10  kt  or  less  aircraft  to 

(4,6)  (H- 

runway  with  shorter  threshold  to 
intersection  distance  and  except  90  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  mle  is 

(233) 

skip  a  slot 

or 

#  Restrict  100  kt  or  less  aircraft  to 

(4.6)  or 

nmway  with  shorter  thredioid  to 
intersecbon  disuuice  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  mle  is  (33) 

skip  a  slot 

or 

•  Restrict  120  kt  or  less  aircraft  to 

(4,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
100  kt  or  less  aircraft  leading  with 

160  kt  or  greater  airctaft  trailing  and 
except  90  kt  or  less  aircraft;  stagger 

rule  is  (233) 

^p  a  slot 

or 
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(4.6)  or 
skip  a  slot 


#  Rottict  1 10  kt  or  leas  aircraft  to 
ranway  with  siioctBr  ducshtrid  to 
imorHCtian  diauuice  Md  do  not  pair 
90  kt  or  leas  aiicnft  leading  with  160 
kt  or  greater  aiicnft  trailing  aad 
except  M)  kt  or  less  aircraft;  stagger 
rakis 


•  Reatsict  llOktorlessaircr^to 
ranway  with  shoner  threshold  to 
intersection  diaaiice  and  except  90  kt 
or  less  aiicnft  and  except  160  kt  or 
greater  aiicraft;  ka0er  nde  ia 
(2^ 

or 

•  Restrict  1 10  kt  or  less  aircraft  to 
ranway  with  shoner  threshold  to 
inieraectioa  distance  and  do  not  pair 
90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircnft  trailing  and 
except  80  kt  or  less  aircraft;  stagger 
ndekO^ 


•  Restrict  110  kt  or  less  aircraft  to 
ranway  with  shorter  threshold  to 
intersection  distance  and  except  80  kt 
or  less  aircnft  and  except  160  kt  or 
greater  aircraft;  ataoer  rale  is  (3jS) 


•  ExcqN  90  kt  or  less  aircraft  and 
except  160  kt  or  greater  ainciaft; 
stagger  rale  b  (2.5,5) 


#  Except  80  kt  or  less  aircraft  and 
except  160  kt  or  greater  aircraft; 
stagger  rale  is  (3,5) 

or 

#  Do  not  pair  110  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  aad  except  90  kt  or  less 
aircraft;  atag^n^  rale  is  (2,5,6) 

or 

#  Do  not  pair  90  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  80  kt  or  less 

raleis 


(4,6)  or 
skip  a  slot 


(4.6)  or 
skip  a  slot 


(4.5.7)  or 
skip  a  slot 


(4.5,6)  or 
skip  a  slot 


(4.5,6)  or 
skip  a  slot 


(4.5,6)  Of 
skip  a  slot 


(4.5.6)  or 
skip  a  slot 
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40 

6401  ft  to  8300  ft 

8301  ft  to  8700  ft 

#  Restrict  100  kt  or  less  aircnft  to 
ninwty  with  shorter  threshold  to 
interiectioa  distance  and  except  90  kt 
or  leas  aircraft  aad  except  160  kt  or 
(itater  aircraft;  ataan*  mic  is 
(2-S4) 
or 

(4.5.6)  or 
skip  a  slot 

#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  disttnce  and  except  80  kt 
or  less  aircraft  and  except  160ktor 
greater  aircraft;  ttaggrr  rale  ia  (34) 

(4.5.6)  or 
skip  a  slot 

#  Restrict  1(X)  kt  or  less  aircraft  to 
runway  with  shorter  thresht^d  to 
iniersectioo  distance  and  do  not  pair 

1 10  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing  and 
except  90  kt  or  less  aircraft;  stagger 
rale  is  (244) 
or 

(4.5.6)  or 
skip  a  slot 

#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  asMl  do  not  pair 
100  kt  or  less  aucraft  leading  with 

160  kt  or  grettter  aircraft  trailing  and 
except  80  kt  or  less  aircraft;  stagger 
rale  if  (34) 

(4.5,6)  or 
skip  a  slot 

41 

6401  ft  to  8300  ft 

8701  ft  to  11 100  ft 

•  Do  not  pair  110  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  90  kt  or  less 
aircraft;  stagger  rale  is  (34) 

(5.5.6)  or 
skip  a  slot 

42 

6401  ft  to  8300  ft 

11101  ft  to  14000  ft 

#  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  aad  except  90  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  rtaggrr  rale  is  (34) 

(5.7)  or 
skip  a  slot 

43 

6401  ft  to  8300  ft 

14001  ft  to  17700  ft 

•  Restrict  110  kt  or  less  aircraft  to 
runway  with  shorter  threditM  to 
intersection  distance  and  except  90  kt 
or  less  aircraft  aad  except  160  kt  or 
greater  aircraft;  stagger  mle  is  (34) 

(5.7)  or 
slap  a  slot 

44 

8301  ft  to  10800  ft 

Up  to  10800  ft 

•  Except  90  ktm- less  aircraft  wd 
except  160  kt  or  greater  aircraft; 
idagger  rale  is  (34) 
or 

(5.5,6)  or 
skip  a  slot 

J 
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(5.5,6)  or 
skip  a  slot 


•  Do  not  pair  110  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  90  kt  or  less 
aiicraft:  staaaer  rale  ia  (3,6) _ 
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Table  5-2.  DCIA  Procedure  for  Decision  Heights  Between  251  ft  and  500  ft 


1 

Shoiter  distance 
from  threshold  to 
intersectioo 

Longer  distance  ftom 
threshold  to 
intersection 

DCIA  Procedure 

Stagger  airoaft  to  converging  runways 
using  indicated  stagger  distance; 
restrictioiis  noted 

Suggerrak 

for 

'Esoeried* 

uoirfi 

n 

Up  to  2100  ft 

Up  to  2100  ft 

■■  1  ■'  !LL  LTOSM 

NA 

2 

Up  to  2100  ft 

9  Donotpair  80  kt  or  leu  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing:  stagger  rale  is  (2,5) 

or 

#  Except  80  kt  or  less  aircraft;  stagger 
rale  is  (2,5) 

or 

#  Except  160  kt  or  greater  aircraft; 
stagger  rale  is  (24) 

or 

#  No  restrictions:  stagger  rale  is 
(244) 

NA 

(2.54)  or 
miua  slot 

(244)  or 
miua  slot 

NA 

3 

Up  to  2100  ft 

2801  ft  to  3700  ft 

9  Restrict  90  kt  or  leu  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

80  kt  or  leu  aircraft  leading  with  160 
kt  cr  greater  aircraft  trailing:  stagger 
rale  is  (24) 
or 

9  Restrict  90  kt  or  leu  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 

(24) 

or 

9  Restrict  90  kt  or  leu  aircraft  to 
runway  with  shoriu  threshc^d  to 
intersection  distance  and  except  80  kt 
or  leu  aircraft;  stagger  rale  is  (24) 
or 

9  Restrict  80  kt  or  leu  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stagger  rale  is 
(244) 
or 

9  No  restrictions;  stancr  rule  is  (34) 

NA 

(2.54)  or 
skip  a  slot 

(244)  or 
skip  a  slot 

NA 

NA 
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Up  to  2100  ft 

3701  ft  to  4900  ft 

•  Rettrict  100  kt  or  less  aircraft  to 

NA 

ranway  with  shorter  threshold  to 
iaienectiaa  distance  aad  do  not  pair 

SO  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
rakit(24) 

or 

•  Restrict  90  kt  or  less  aircraft  to 

(2.54)  or 

ranway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 

(2J) 

skip  a  slot 

ar 

#  Restrict  100  kt  or  less  aircraft  to 

(2.54)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  except  80  kt 
or  less  aircraft;  stagger  rale  is  (2^ 

skip  a  slot 

or 

#  Restrict  90  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance;  stagger  rule  is 

or 

•  Do  not  pair  80  kt  or  less  aircraft 

NA 

leading  with  160  kt  or  greater  aircraft 
trailing;  stagger  rale  is  (3,5) 

or 

•  Restrict  80  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance;  stagger  rale  is 
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#  Restrict  110  kt  or  less  ailcnft  to 

(2.5,5)  or 

luoway  with  shonn’  Uueshold  to 
intersection  distuice  Md  except  160 
kt  or  greater  aiiciait;  stagger  rule  is 

(24) 

skip  a  slot 

«r 

#  Restrict  90  kt  or  less  aiicnft  to 

NA 

ranway  with  shoster  threshold  to 
intersection  distance;  stagger  rule  is 

(244) 

•  Renrict  80  kt  or  less  aiicraft  to 

(3,5)  or 

ranway  with  ahoner  threshcrid  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  b 

(244) 

skip  a  slot 

or 

•  Do  not  pair  80  kt  or  less  aircraft 

NA 

leading  with  160  kt  or  greater  aircraft 
trailing;  stagger  mlc  is  (34) 

or 

•  Restrict  80  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance;  stagger  rule  is 
(34) 

•  Restrict  1(X)  kt  or  less  aiicraft  to 

(2.54)  or 

runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 

(24) 

skip  a  slot 

or 

•  Restrict  90  kt  or  less  aiicraft  to 

(34)  or 

runway  with  shorter  threshold  to 
intersection  distance  wd  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(244) 

skip  a  slot 

or 

•  Restrict  80  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
120  kt  or  less  aircraft  with  160  kt  or 
greater  aircraft;  stagger  rale  is  (34) 

or 
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Up  to  2100  ft 


7001  ft  to  8900  ft 


Restrict  1 10  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  md  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(2^ 


(2.5,6)  or 
skip  a  slot 


Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersectioD  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 


(3,6)0 
ridpaslot 


Restria  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  exc^  160 
kt  or  greater  aircraft;  stagger  rule  is 


(3.5, 6)  or 
skip  a  sIcK 


•  Restrict  110  kt  or  less  aircraft  to 
rvDway  with  shorter  threshdd  to 
inienection  distance;  slaner  rule  is 

(2J4) 

or 

0  Resvict  100  kt  or  less  aircraft  to 
naway  with  shoner  tfareshcM  to 
kaenBCiioa  distance  and  do  not  pair 
110  kt  or  leas  aircraft  leading  with 

160  kt  or  greater  aiiciaft  trailing; 
aiaaerrnkis(2J^ 

or 

•  Restrict  100  kt  or  less  aircraft  to 
ninway  with  shorter  threshold  to 
intersection  distance;  stagger  rule  is 
(3^ 

or 

0  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorta  threshold  to 
interaectiao  distance  and  do  not  pair 
100  kt  or  less  aircraft  leading  with 
160  la  or  greater  aircraft  trailing; 
staaaer  rule  is  (3«6) 

8 

Up  to  2100  ft 

i 

i 

8901  ft  to  11200  ft 

1 

•  Restrict  120  kt  or  less  aircraft  to 
runway  with  shcuter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(2J) 

or 

0  Restrict  110  kt  or  less  aircraft  to 
runway  with  shtnter  threshtdd  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(2J3) 
or 

•  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshtrid  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 

(3.5) 
or 

•  Restrict  110  kt  or  less  aircraft  to 
runway  with  shorter  threshdkl  to 
interaection  distance;  stagger  rule  is 

(3.6) 
or 

NA 


NA 


NA 


NA 


(2.5^)  or 
skip  a  slot 


(3,6)  OT 
skip  a  slot 


(3.5,6)  or 
skip  a  slot 


NA 
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•  Restrict  100  kt  or  less  aiicraft  to 
nnway  with  shorter  threshold  to 
intenection  distance  mi  do  not  pair 
110  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 
itanermleisOA 

NA 

•  Restfict  110  kt  or  leas  aircraft  to 

(3,6)  or 

iwnray  with  Aorter  daeshold  to 
intersection  distance  and  except  160 
kt  or  greater  aiicraft;  staser  rule  is 
(2^ 

or 

skip  a  slot 

#  Restrict  110  kt  or  less  aiicraft  to 
runway  with  shorter  threshold  to 
intersection  distance:  stagger  rule  is 

(3^ 

or 

NA 

#  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

1 10  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aiicraft  trailing; 
stasser  rule  is  (3,6) 

NA 

•  Restrict  110  kt  or  less  aircraft  to 

(3.5,7)  or 

runway  with  shorter  threshold  to 
intersection  distance  aad  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(3,6) 

slap  a  slot 

•  Except  80  kt  or  less  aud  except  160 

(34)01 

kt  or  greater  aircraft;  stagger  rule  is 
(2J) 
or 

skip  a  slot 

•  Except  80  kt  or  less  aiicraft  and  do 

(34)  or 

not  pair  l(X)  kt  or  less  aiicraft  with 

160  kt  or  greater  aircraft;  stagger 
rale  is  (2,5) 
or 

skip  a  slot 

•  Do  not  pair  80  kt  or  less  aircraft  with 
160  kt  or  greater  aircraft;  stagger 
ruleis(2J,5) 
or 

NA 

•  No  restrictions^  stancer  rule  is  (3,5) 

NA 
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12  2101  ft  to  3800  ft 


13  2101  ft  to  3800  ft 


3801  ft  to  4100  ft 


Restrict  90  kt  or  less  aircraft  to 
runway  with  sboner  threshdd  to 
intenectkn  dinancr  «m1  excqH  80  kt 
at  leas  aircraft  mi  except  160  kt  or 
greater  aircraft;  itaggrr  rule  is  (24) 

Reanict  90  kt  or  less  aircraft  to 
runway  with  iftoiier  tfarealKM  to 
inierHctioa  distance  and  do  not  pair 
100  kt  or  less  aircraft  leading  with 
160  kt  or  greater  aircraft  trailing; 

a(aaarrakia(24) 


#  Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing;  stagger  rule  is  (244) 
or 


4101  ft  to  6700  ft 


No  restrictions:  stoater  rule  is  (34) 
Restrict  100  kt  or  less  aircraft  to 
runway  with  Shorter  threshold  to 
intersection  distance  and  except  90  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  rule  is  (24) 


or 


#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 

(244) 


or 


•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
iniersectior  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(34) 

or 

•  Restrict  1(X)  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 

rule  is  (244) 


(34)  or 
skip  a  slot 


NA 


NA 


NA 

(3.6)  or 
skip  a  slot 


(3,6)  or 
skip  a  slot 


(34,6)  or 
skip  a  slot 


NA 
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210!  ft  to  3800  ft 


•  Ito«rict90laark»aifcniftto 
naway  with  Ao(tBril»Hbold  to 
imrinctinn  disMDce;  rule  is 


#  RMrictSOktarlcnaiiciaftto 


6701  ft  to  8600  ft 


naway  with  Aoner  tfanMbold  to 
iMaaectiia  diaMoe  aid  do  not  pair 
90ktorieaaifcaftieadiiv  with  160 
kt « iitaia  aaciaft  tatling:  aaRcr 

ndaiaf3dft  _ 

#  Raatria  110  b  or  ka  aociaft  to 
naway  whh  diartH  dawdiold  to 


bMeractiao  distaice  awl  except  90  b 
or  lea  aircraft  aad  except  160  b  or 
greater  aircraft;  itagrr  rale  ia  (2,5) 


•  Restrict  100  b  or  lea  aircraft  to 
naway  with  riwiter  threshold  to 
iiaersection  disaace  aad  except  80  b 
or  lea  aircraft  sad  except  160  b  or 
greater  aircraft;  stagger  rale  is 
(2A5) 

or 

%  Restrict  90  b  or  lea  aircraft  to 
runway  with  dioner  threshold  to 
interactka  distance  and  except  160 
b  or  greater  aircraft;  stagger  rale  is 
(3,5) 

or 

•  Restrict  110  b  or  lea  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
90  b  or  lea  aircraft  leading  with  160 
b  or  greater  aircraft  trailmg  and 
except  80  b  or  ka  aircraft;  stagger 
rdeii(2J,d) 

ar 

•  Restrict  100  b  or  ka  aircraft  to 
runway  with  shorter  tiuesiMrid  to 
intersection  disaiioe;  stagger  ruk  is 
(3.d) 


NA 


NA 


(3.6)  or 
sbpa  slot 


(3,6)  or 
sbpa  slot 


(3.5.6)  or 
sbpa  slot 


(3.6)  or 
sbpa  slot 


NA 
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8601  ft  to  11000  ft 


11001  ft  to  12900  ft 


•  Rettrict  90  kt  or  less  siicnift  to 
fUBWty  with  riunor  thmhokl  to 
iaiBnectioa  distKioe  aad  do  not  pair 
100  b  or  len  atrenft  with  160  b  or 

ireneraiiciifcbMfrfi^k^a^) 

•  Rotrict  120bar  leataucnftto 
ranway  with  doner  ihratold  to 
iamectiaa  dimaoe  Mid  excqpt  90  b 
or  leM  aticnft  and  excqpt  160  b  or 
frBMer  aiiaaft;  Mair  nrie  ia  (24) 

or 

•  Rotrict  110 bar le»aifcnft to 
ranway  with  duner  ttamhold  to 
intenection  distance  and  except  80  b 
or  less  aircraft  and  except  160  b  or 
greater  aircraft;  stagger  ndc  IB 
(244) 

or 

•  Resffict  100  b  or  less  aircraft  to 
ranway  with  shmer  threshold  to 
intersection  distance  asMl  except  160 
b  or  greater  aircraft:  staner  mle  is 
(34) 

or 

•  Restrict  110  b  or  less  aircraft  to 
ranway  with  shorter  threshtrid  to 
intersection  distance  and  do  not  pair 
80  b  or  less  aircraft  leading  with  160 
b  or  greater  aircraft  trailing;  stagger 
rale  is  (34) 

or 

•  Restrict  100  b  or  less  aircraft  to 
ranway  with  shorter  threshtdd  to 
intersection  distance  and  do  not  pair 
llObor  less  aircraft  with  160  b  or 
greater  aircraft;  staaasr  rale  is  (34) 

•  Restrict  110  b  or  less  aircraft  to 
ranway  with  shorter  threshold  to 
intersection  distance  hmI  except  80  b 
or  less  aircraft  and  except  160  b  (v 
greater  aircraft;  stagger  rale  is 
(244) 


NA 


(3.5,6)  or 
sbpa 
slot 


(3.5,6)  OT 
sbpa 
slot 


(3.5.6)  OT 
sbp  a 
slot 


NA 


NA 


(34.6)  or 
sbp  a  slot 
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•  Restrict  1 10  kt  or  less  aircraft  to 
rtnw^r  with  shorter  threshcrfd  to 
iMenection  distanoe  and  do  not  pair 

80  kt  or  leu  aiiaaft  leading  with  160 
kt  or  greater  aircraft  trailii^,  stagger 
rakisf}^ 

NA 

17 

2101  ft  to  3800  ft 

12901  ft  to  16900  ft 

•  Restrict  110  kt  or  leas  aiicfaft  to 
lanway  with  shorter  threshold  to 
intenection  distance  and  excqrt  160 
kt  or  greater  aircraft;  dagger  rale  is 
(3.6) 

(33,7)  or 
ddpasiot 

18 

3801fttoS000ft 

Up  to 5000ft 

#  Do  not  pair  1 10  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  90  kt  or  less 
aircraft;  stagger  ndc  is  (23) 

(3.53)  or 
skip  a  slot 

#  Do  not  pair  90  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  80  kt  or  less  ; 
aircraft;  stagger  mle  is  (233) 

(333)  or 
skip  a  slot 

W 

•  Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing;  ataiaer  nrie  is  (33) 

NA 

19 

3801  ft  to  5000  ft 

5001  ft  to  5900  ft 

•  Except  80  kt  or  less  aircraft  and 
except  160  kt  or  greater  aircraft; 
stagger  mle  is  (233) 

(4,6)  or 
skip  a  slot 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 
(33) 

or 

•  Do  not  pair  100  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  80  kt  or  less 
aircraft;  stagger  mk  is  (233) 

(33.6)  or 
ridpaslot 

(4.6)  or 
skip  a  slot 

•  Restrict  80  kt  or  less  aircraft  to 
miway  with  shorter  threshc^d  to 
imenection  distanoe  asid  do  not  pair 

80  kt  or  less  aircraft  leading  with  160 
kt  nr  frratrr  ainraft  trailing-  itaggrr 
mle  is  (33) 

NA 
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20 


3801  ft  to  5000  ft 


5901  ft  to  7900  ft 


(3.5,6)  or 
skip  a  slot 


21  3801  ft  to  5000  ft 


#  Restrict  90  ki  or  less  iiicnft  to 
mnwey  with  shoner  tfareshcdd  to 
mienectiQii  dtsance  ad  except  80  kt 
or  less  aircnft  aad  except  160  kt  or 
fieaier  aircraft;  slaner  r«k  ■ 

053) 

#  Resnict  80  kt  or  less  aircraft  to 
ruBway  with  shoner  threshold  to 
iimirsertioo  disaicf  aad  except  160 

kt  or  greater  aircraft;  Stan*!*  nil«  » 

(33) 

ar 

#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intenection  distance  and  do  not  pair 
1 10  kt  or  less  aircraft  leading  with 
160  kt  or  greater  aircraft  trailing  and 
except  80  kt  or  less  airciaft;  staggr  r 
nrieiB(233) 

or 

#  Restrict  80  kt  or  less  aircraft  to 
runway  with  dioner  threshold  to 
inceraectian  distnioe  and  do  not  pair 
100  kt  or  less  aircraft  leading  with 
160  kt  or  greater  aircraft  trailing; 

rale  is 


•  Restrict  100  kt  or  less  aircraft  to 
runway  with  shoner  threshold  to 
intersection  distance  and  except  80  kt 
or  less  airctaft  sad  except  160  kt  or 
greater  aircraft;  stagger  rale  is 

(233) 

or 

•  Restrict  90  kt  or  less  aircraft  to 
runway  adth  shoner  threshidd  to 
imeraection  dinanoe  and  exc^t  160 
kt  or  greater  aircraft;  stagger  rale  is 
(33) 

or 

•  Restrict  90  kt  or  less  aircraft  to 
rumray  with  shoner  threshold  to 
intersection  distance  and  do  not  pair 
100  kt  or  less  airctaft  leadaig  with 
160  kt  or  greater  aircraft  trailing; 

nrieb 


(4.6)  or 
skip  a  slot 


(33,6)  or 
skip  a  dot 


(4.6)  or 
skip  a  slot 


(4.6)  or 
skip  a  slot 
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22 

3801  ft  to  5000  ft 

9601  ft  to  10800  ft 

•  Restrict  1 10  kt  or  less  aircraft  to 

(4.6)  or 

t 

runway  with  shoner  threshold  to 
intersection  dimance  aad  except  90  kt 
or  less  aircraft  and  except  160ktor 
greater  aircraft;  tti^ger  rule  is 
(253) 

skip  a  slot 

ar 

•  Reatfict  100  kt  or  less  aircraft  to 

(45)  or 

naiway  with  shoner  threshold  to 
intenectian  diflance  and  except  160 
kt  or  greater  aircraft;  Maoer  rule  is 

(35) 

skip  a  slot 

•  Restrict  100  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshtrid  to 
intersection  distance  ud  do  not  pair 

1 10  kt  or  less  aircraft  leadutg  with 

160  kt  or  greater  aircraft  trailing; 

ataaerruleia(35) 

23 

3801  ft  to  5000  ft 

10801  ft  to  12700  ft 

•  Restrict  110  kt  or  less  aircraft  to 

(4.7)  or 

runway  with  shorter  threshold  to 
intersectioo  disuuice  and  except  90  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  ataoer  rule  is 
(255) 

skip  a  slot 

or 

•  Restrict  1 10  kt  or  less  aircraft  to 

(4,7)  or 

runway  with  shorter  threshold  to 
interaection  distance  and  do  not  pair 

90  kt  or  less  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing  and 
except  80  kt  or  less  aircraft;  stagger 
mien  (35) 

skip  a  slot 

24 

3801  ft  to  5000  ft 

12701  ft  to  16700  ft 

•  Restrict  110  kt  or  less  aircraft  to 

(4.7)  or 

runway  with  shoner  threshold  to 
imeraectioo  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 

skip  a  dot 

•  Mill  L*-.  IcaJM 
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•  Do  not  pur  no  kt  or  less  aircraft 
leadiag  with  160  k«  or  greater  aircraft 
iniliBg  aad  except  90  kl  or  less 
airoaft;  itaggrr  rale  is  (2J^) 


26  5001  ft  to  7400  ft  I  7401  ft  to  10200  ft 


Do  aot  pair  100  kt  or  leas  aircraft 
leading  with  160  kt  or  greater  aircraft 
BaUaif  aad  except  80  kt  or  less 
rale  is 


Except  90  kt  or  less  aifcraft  «m1 
except  160  kt  or  greater  aircraft; 

alaasrnrieisO^ 


27  500lftto7400ft  I  10201  ft  to  13000  ft 


28  SOOlftto  7400ft  I  13001  ft  to  16300  ft 


29  7401ftto9700ft 


Up  to  9700  ft 


Do  not  pair  1 10  kt  or  less  aircraft 
with  160  kt  or  greater  aircraft  and 
except  90  kt  or  less  aircraft;  stagger 
raleta 


Restrict  100  kt  or  less  aircraft  to 
nnway  mtfa  shorter  threshtdd  to 
intersection  distance  aad  except  90  kt 
or  leas  aircraft  aud  except  160  kt  or 
greater  aircraft;  staner  rale  is  (3^ 


Restrict  1 10  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
ituersectkn  distance  asal  excqx  90  kt 
or  leas  aircraft  aad  except  160  kt  or 
greater  aircraft;  ataner  rale  is  (3,6) 


Except  90  kt  or  less  aircraft  aral 
except  160  kt  or  greater  aircraft; 
atai^raiei8(33) 


Do  not  pair  1 10  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  awl  except  90  kt  or  less 
rale  is  (3 


(4.5,6)  or 
skip  a  slot 


(4  J,£)  or 
ddpaslot 


(5.5,6)  or 
slap  a  slot 


(5.5,6)  or 
skip  a  slot 


(5,7)  or 
skip  a  slot 


(5.7)  or 
skip  a  slot 


(5.5,6)  or 
skip  a  slot 


(5J5,6)  OT 
skip  a  slot 
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TaUe  5>3.  DCIA  Procedure  for  Decision  Heights  Between  501  ft  and  700  ft 


1 

Shorter  distance 
finom  dueshdd  to 
imenection 

Longer  distance  Grom 
tlneshold  to 
inieraectian 

DCIA  Procedure 

Stagger  airenft  to  converging  runways 
using  indkaied  nagger  distance; 
restrictions  noted 

Sugfcrmle 

for 

"Eicepiecr 

aiicnft 

1 

■CiXssiiiai 

Up  to  1600ft 

k,  1.4:  •  ■  ,!UP3’!fcfaki 

NA 

2 

Up  to  1600  ft 

1601  ft  to  2100  ft 

•  Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing;  naoer  nde  is  (2^ 

or 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stagger  rale  is 
(2,5) 

or 

•  No  restrictions;  stagger  rale  is 

(2J4) 

NA 

NA 

NA 

3 

Up  to  1600  ft 

•  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance:  stagger  rale  is 

(24) 

or 

•  Restrict  80  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

90  kt  or  less  airenft  leading  with  160 
kt  or  greater  airenft  trailing;  stagger 
rale  is  (24) 

or 

•  No  restrictions;  stagger  rale  is 
(244) 

NA 

NA 

NA 

4 

Up  to  1600  ft 

2801  ft  to  3700  ft 

•  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance;  stagger  rale  is 
(24) 

or 

•  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  tfaredioid  to 
iatersectioo  distance  wd  do  not  pair 
100  kt  or  less  aircraft  leading  widi 

160  kt  or  greater  aircraft  trailing; 

stagger  rule  is  (24) 

or 

NA 

NA 
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•  ItenktSOktorlessaucrifilo 

NA 

ranwty  with  shofter  tiueshold  to 
tnttnection  diswice:  ataotr  nilc  is 
(2^ 

«r 

•  Do  MX  pair  80  kt  or  leu  aircraft 

NA 

leadiag  with  160  bar  greater  aircraft 
niliar.  baHM'nrie  b  (2J3) 

or 

•  Noreatriction8.Maaarrnrieis(34) 

NA 

•  Restrkt  110  bar  leu  aircraft  to 

NA 

tnaway  with  shoner  threshold  to 

iaaoraectioa  distaoce  aad  do  not  pair 

80  b  or  leu  aircraft  leading  with  160 
b  or  greater  aircraft  trailing;  stagger 
rakb(24^ 

or 

•  Restrict  100  b  or  leu  aircraft  to 

NA 

runway  with  shorter  dueshold  to 
iixenection  distance  aad  do  not  pair 
110  b  or  leu  aircraft  leading  with 

160  b  or  greater  aircraft  trailing; 
atagger  rale  ia  (24D 

or 

•  Restrict  90  b  w  leu  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance;  stagger  rule  is 

(2A5) 

or 

•  Restrict  80  b  or  leu  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance  awl  do  not  pair 

90  b  or  leu  aircraft  leading  with  160 
b  or  greater  aircraft  trailing;  str^tger 
rale  ia  (2^,5) 

or 

•  Restrict  80  b  or  leu  aircraft  to 

NA 

runway  with  shorter  ihreslKXd  tt> 
intersection  distance;  atagger  rule  is 

OS) 

or 

•  Donotpoir80bor  leuairciaft 

NA 

leading  with  160  b  or  greater  aircraft 
trailing;  atagger  rale  is  OS) 

or 
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#  Rettict  100  kt  or  lea  uicnft  to 

NA 

nawsy  with  shorter  dHeshc^d  to 
iMenectioB  disttiice  aad  do  not  pair 
llOktorleatiiaaft  with  160ktor 

fnaierMiaerr«kii(2^ 

•  Koirict  80  kt  or  lea  aiicraft  to 

NA 

noway  with  shosor  threshold  to 
iaonection  dtsiMiGe  and  do  not  pair 

90  kt  or  lea  aiiciaft  leading  with  160 
kt  or  greoer  aticiaft  trailing:  stagger 
ntkii(2J,0 

or 

#  Dd  not  pair  80  kt  or  lea  aircraft 

NA 

leading  with  160  kt  or  greater  aircraft 
trailins:  staner  rale  ii  (3Ui) 

•  Restrict  100  kt  or  lea  aircraft  to 

(2.5,6)  or 

runway  with  shorter  threshold  to 
intenection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(2.5) 

skip  a  slot 

or 

•  Restrict  90  kt  or  lea  aircraft  to 

(3.6)  or 

runway  with  shorter  threshold  to 
intersection  distance  md  except  160 
kt  or  greater  aircraft;  stagger  rale  is 
{2J.5) 

skip  a  slot 

•  Restrict  80  kt  or  lea  aircraft  to 

(3.5,6)  or 

runway  with  sboner  threshold  to 
intersection  distance  omI  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(34) 

slap  a  slot 

or 

•  Resnkt  90  kt  or  lea  aircraft  to 

NA 

runway  with  shoner  threshold  to 
intersection  distance  and  do  not  pair 
100  kt  or  lea  aircraft  leading  with 

160  kt  or  greaser  aircraft  trailing; 

aaggcrmle  is  (244) 

or 

#  ResttictSOktorleaaitcraftto 

NA 

runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 

90  kt  or  lea  aircraft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagjrer 
rale  is  (34) 
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7  Upto  1600ft 


8  Upto  1600  ft 


6101  ft  to  7900  ft 

#  Rearict  1 10  kt  or  leas  aircraft  to 

(2.5,6)  or 

lUDway  with  shoner  ttavahold  to 
imeneciioa  ditancc  aad  excq>t  160 

kt  or  fitaier  aiicmflu  atan<v  ■ 

(2^ 

skip  a  slot 

•  RcaBict  100  kt  or  leaa  aircraft  to 

(3,6)  or 

ranaray  with  dhoner  threahoid  to 
iaiBfction  diwancc  aad  except  160 
kt  or  peater  aircraft;  M^fer  rale  ia 

(2.S3) 

skipa  sl(K 

ar 

•  Resrict  90  kt  or  less  aircraft  to 

(3.5,6)  or 

runway  with  shorter  threshold  to 
intersection  disonce  and  except  160 

kt  or  greater  aircraft;  stann’ nile  is 
(34) 

skip  a  slot 

or 

•  Resffict  100  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intenectioa  dismce  aad  do  not  pair 

1 10  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 

atancrrBieis(244) 

or 

#  Restrict  90  kt  or  less  aircraft  to 

NA 

runway  with  shorter  threshold  to 
intersection  distance  sad  do  not  pair 
100  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 

sh«icrmleis(34) 

7901  flto9900ft 

•  Restrict  120  kt  or  less  aircraft  to 

(2.5,6)  or 

runway  with  shorter  threshold  to 
intersection  distance  aad  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(24) 

skip  a  slot 

or 

•  Restrict  1 10  kt  or  less  aircraft  to 

(3.6)  or 

nmway  with  shorter  threshold  to 
intersection  distance  aad  except  160 
kt  or  greater  aircraft;  stagipr  rule  is 
(244) 

skip  a  slot 

or 
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#  Restrict  90  kt  or  less  aiicnft  to 
ninway  with  shorter  thresiKrid  to 
intemcdon  distance  aad  except  160 
kt  or  greater  aiiciaft;  ataner  rule  is 
(3^ 

or 

•  Rettrict  90  kt  or  less  aiicnft  to 
nnway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
100  kt  or  less  aiicnft  leading  with 

160  kt  or  greater  aiicnft  trailing; 
stBCMrrakkO^ 

(3.5,6)  or 
skip  a  slot 

NA 

9 

UptoKiOOft 

9901  ft  to  12100  ft 

#  Restrict  110  kt  or  less  aircraft  to 
runway  with  riioner  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 

or 

•  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
110  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 
ataner  rule  is  (3.6) 

(3.6)  or 
skip  a  slot 

NA 

10 

Up  to  1600  ft 

12101  ft  to  16000  ft 

•  Restrict  1 10  kt  or  less  aircraft  to 
runway  with  slK»ler  threshcrfd  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stager  rule  is 
(3.6) 

(3.5,7)  or 
skip  a  slot 

11 

160into  3200  ft 

Up  to  3200  ft 

•  Do  not  pair  100  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  80  kt  or  less 
aircraft;  stagger  rule  is  (24) 

or 

•  Do  not  pair  80  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircndt 
imiling;  stagger  rale  is  (244) 

or 

•  No  restrictions:  staner  rule  is  (34) 

(34)  or 
skip  a  slot 

NA 

NA 

12 

1601  ftto  3200ft 

3201  ft  to  4300  ft 

•  Except  90  kt  or  less  aircraft  and 
except  160  kt  or  greater  aircraft; 

stagger  rak  is  (24) 

or 

(34,6)  or 
skip  a  slot 
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•  Restrict  80  kt  or  less  aiicnft  to 
naway  with  shorter  threshold  to 
ioieraection  distance,  and  except  160 
kt  or  greater  aircraft;  rtaggrr  rale  is 
(2A5) 

Except  160  kt  or  greater  aiicfsit; 

alanernriete(34) 

Restrict  80  kt  or  less  aircraft  to 
runway  with  duxier  threshold  to 
imemctioa  disttpce  and  do  not  pair 
90  kt  or  leas  ahccaft  leading  with  160 
kt  or  greater  aircraft  trailing;  stagger 
ndcisdJ^ 

•  Do  not  pair  80  kt  or  less  aircraft 

leading  with  160  kt  or  greato'  aircraft 
trailing;  stagger  rule  is  (3^ _ 

#  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorrer  threshold  to 
intersection  disiaitce  and  except  90  kt 
or  less  aircraft  and  except  160  k*  or 
greater  aircraft:  stagger  rale  is  (23) 

or 

#  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshedd  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  is 

(233) 

or 

#  Restrict  80  ki  w  less  aircraft  to 
runway  with  shorter  threshold  U) 
intersection  disouice  and  except  160 
kt  or  greater  aircraft;  stagger  rule  is 
(33) 

or 

•  Restrict  90  kt  or  less  aircraft  to 
runway  with  shorter  threshedd  to 
intersection  distance  and  do  not  pair 
1(X)  kt  or  less  aircraft  leading  with 
160  kt  or  greater  aircraft  trailing; 
stagger  rale  b  (233) 


(3.6)  or 
skip  a  slot 


(3.5,6)  or 
skip  a  slot 

NA 


NA 


(3.6)  or 
skip  a  slot 


(3.6)  or 
skip  a  slot 


(3.5.6)  or 
skip  a  slot 


NA 
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1601ftto3:»0ft 


5701  ft  to  7400  ft 


ItiOl  ftto3200ft 


7401  ft  to  9500  ft 


NA 


•  Rearict  80  ki  or  las  aircraft  to 
fwway  widi  shorter  dnsiiold  to 
insaraction  diaaace  OMi  do  not  pair 
90  kx  or  ksn  aircraft  leadmg  with  160 
kt  or  peaser  aircraft  mtlinr,  Hfirr 

__rwkhOA _ 

•  RoMict  llOkiarleaiarcnftto 
noway  with  durter  ttrahoid  to 
taierarc.tinn  disancc  aad  excepn  90  kt 
V  ten  airciaft  aad  except  160  kt  or 
greater  atrcnft;  teappr  rwic  is  (23) 

sr 

•  Ratehct  100  kt  or  ten  aircraft  to 
nmway  with  shorter  threshold  to 
imeriection  distance  and  except  160 
kt  or  greater  aiicraft;  teapirr  rate  is 

(2J3) 

er 

•  Resffict  80  kt  or  less  aircraft  to 
ranway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  staggrr  rate  is 
(33) 

or 

9  Restrict  100  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
1 10  kt  or  ten  aiicraft  leading  with 
160  kt  or  greater  aircraft  trailing; 
Stan*** '***■>  (233) 

er 

9  Restrict  80  kt  or  less  aiicraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  do  not  pair 
1(X)  kt  or  ten  aircraft  leading  with 
160  xt  or  greater  aircraft  trailing; 
_teaMarmtete(33) _ 

9  Renrict  120  kt  or  ten  aircraft  to 
runway  with  shorter  threshold  to 
imersectioo  disance  and  except  90  kt 
or  less  aircraft  and  except  160  kt  or 
greaser  aircraft;  fttatger  rate  is  (23) 
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(3.6)  or 
skip  a  slot 


(3.6)  or 
skip  a  slot 


(4.6)  or 
skip  a  slot 


NA 


NA 


(3.5,6)  or 
skip  a  slot 


#  Restrict  1 10  kt  or  less  eiicnft  to 

(3.5,6)  or 

nmwty  with  shoner  thteslxM  to 
iMenectiofi  dimnoc  and  except  160 
ki  or  greater  ufoaft;  Mifver  rmie  is 
(2A5) 

skip  a  slot 

or 

•  Resffict  90  kt  or  less  aircraft  to 

(3.5.6)  or 

runway  with  shorter  threshold  to 
interaectioii  distance  and  except  160 
kt  or  greater  aircraft;  Maocr  mle  is 
OJS) 

dopaslot 

or 

#  Reanict  90  kt  or  less  aircraft  to 

NA 

ninway  with  shoner  threshold  to 
intersection  disiaiice  and  do  not  pair 
110  kt  or  less  aircraft  leading  with 

160  kt  or  greaser  airctaft  nailing: 

alaanr  mk  is  (3^ 

16 

1601  ft  to  3200  ft 

9501  ft  to  11800  ft 

•  Restrict  110  kt  or  less  aircraft  to 

(34,7)  or 

runway  with  shoner  threshold  to 
interaectioo  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  alaacr  rale  is 

CL5A 

skip  a  slot 

17 

1601  ft  to  3200  ft 

11801  ft  to  15700  ft 

•  Restrict  110  kt  or  less  airctaft  to 

(4.7) or 

runway  with  shoner  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft;  staggrr  rale  ie 
(34) 

skip  a  slot 

18 

3201  ft  to  4100  ft 

Up  to  4100  ft 

•  Except  90  kt  or  less  airctaft  MHl 

(3.5,6)  or 

except  160  kt  or  greater  aircraft; 

naoer  rule  ia  (24) 

skip  a  slot 

or 

•  Except  80  kt  or  less  aircraft  and 

(3.5,6)  or 

except  160  kt  or  greater  aircraft; 

skip  a  slot 

stagrr  mien  (244) 

or 

#  Except  160  kt  or  greater  aircraft; 

(3.5,6)  or 

kan*^  ■  (34) 

skip  8  slot 

or 

•  Do  not  poir  90  kt  or  less  aircraft 

(3.5,6)  or 

leading  with  160  kt  or  greaia’ airctaft 
trailing  and  except  80  kt  or  less 
airctaft;  stagger  rale  ia  (244) 

skip  a  slot 

or 
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•  DonotpairSOlawksstircnift 
leading  with  160  kt  or  greaier  aircraft 
tiailtiif ;  tfamr  rale  ia  (3.6) 

NA 

•  Reatrici  100  kt  or  kss  aircraft  to 

(3-5,6)  or 

ranway  with  dtotier  threahoid  to 
iaieraection  duHBDoe  and  except  90  kt 
or  leaa  aircraft  and  except  160  la  or 
greaief  aircraft;  daigar  rate  ia  (24^ 

ddpaslot 

•  Except  80  kt  or  leas  aircraft  and 

(3.5,6)  or  ' 

except  160  kt  or  greater  aircraft: 
alaacrndeia(L53) 

«r 

dcip  a  slot 

#  Except  160  kt  or  greater  aircraft; 

(3.5,6)  or 

ataner  rale  is  (3  J) 

1  skip  a  slot 

Of 

•  Do  not  pair  100  kt  or  less  aircraft 

(3.5,6)  or 

leading  with  160  kt  or  greater  aircraft 
trailing  aad  except  80  kt  or  less 
aircraft;  ataoer  rale  ia  (2.5,6) 

skip  a  slot 

•  Do  not  pair  80  kt  or  leas  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailine;  staaaer  nde  is  (3.6) 

NA 

•  Restrict  90  kt  or  less  aircraft  to 

(35,6)  or 

runway  with  shorter  threshold  to 
interaectian  distance  aad  excqx  80  kt 
or  leas  aircraft  aad  except  160kior 
greater  aircraft;  ataoer  rale  is 

(253) 

or 

skip  a  slot 

•  Restrict  80  kt  or  less  aircraft  to 

(3.5,6)  or 

runway  with  shorter  threshold  to 
interaection  distance  and  except  160 
kt  or  greaier  aircraft;  ataner  rale  is 

(35) 

or 

ddpaslot 

•  Restrict  90  kt  or  less  aircraft  to 

(35,6)  or 

runway  with  ahcater  threshold  to 
intersection  distance  and  do  not  pair 

1 10  kt  or  less  aircraft  leading  with 

160  kt  or  greaier  aitcraft  trailing  and 
excqw  80  kt  or  less  aircraft;  staRer 

mleis(255) 

or 

skip  a  slot 
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•  Rettfict  80  b  or  less  aiicraft  to 

NA 

ranway  with  shorter  tfaieslK^  to 
iiMersection  distance  Md  do  WH  pair 
100  kt  or  less  aircraft  leading  with 

ItiO  kt  or  greater  soicnft  trailing; 

<aa«rrnrieii(3^ 

21 

3201  ft  to  4100  fi 

7001  ft  to  9100  ft 

•  Resdict  100  kt  or  leas  aircraft  to 

(3.5,6)  or 

ranway  with  shoner  threshold  to 
intenection  distance  and  except  80  kt 
or  leas  aircraft  and  exceptl  60  kt  or 
greater  aircraft;  atnner  rale  k 

05^ 

ddpaslot 

ar 

#  Restrict  90  kt  or  less  aircraft  to 

{3J5,6)  or 

ranway  with  shorter  threshold  to 
intersection  distance  and  except  160 
kt  or  greater  aircraft:  stagger  rale  k 
05) 

ddpaslot 

ar 

#  Restrict  90  kt  or  less  aircraft  to 

NA 

ranway  with  shorter  threshold  to 
intersection  distance  and  ih>  not  pair 
too  kt  or  less  aircraft  leading  with 

160  kt  or  greater  aircraft  trailing; 

staiaer  rale  k  (3,6) 

22 

3201  ft  to  4100  ft 

9101  fttollSOOft 

•  Restrict  110  kt  or  less  aircraft  to 

(4,7)  or 

ranw^  with  shorter  threshold  to 
intersection  distance  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stinger  rale  k 
(206) 

ddpaslot 

ar 

•  Restrict  100  kt  or  less  aircraft  to 

(5.7)  or 

runway  with  shorter  threshold  to 
interaection  distance  and  except  160 
kt  or  greater  aircraft;  stagger  rale  k 
0,6) 

skip  a  slot 

23 

3201  ft  to  4100  ft 

llSOl  fttolSSOOft 

•  Redria  110  kt  or  less  aircraft  to 

(4.7)  or 

ranway  with  shorter  threshold  to 
imersectiao  distance  and  except  80  kt 
or  less  aircraft  and  except  160ktor 
arester  aircraft;  da—r  rale  k  (3,6) 

skip  a  slot 

24 

4101fttoS000ft 

Up  to  5000ft 

•  Except  80  kt  or  less  aircraft  and 

(306)  or 

except  160  kt  or  greater  aircraft; 
dagger  rale  k  (205) 

ddpaslot 

or 
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•  Except  160  kt  or  greater  aircraft; 
Maerraleis(3A 

(3.5,6)  or 
ddpasiot 

#  Do  not  pair  100  kt  or  less  aircraft 
leadiag  with  160  kt  or  greater  aircraft 
tnilmg  aad  except  80  kt  or  less 
aircaA;  alancr  rale  ia  (2J,6) 

(35.6)  or 
skip  a  slot 

•  OoaotpairSOktorkasaiicfaft 
leMtiBg  with  160  kt  or  greater  aircraft 
tiailtac:  staaaer  rale  is  (3w6) 

NA 

25 

4101  ftto  5000ft 

5001ftto  6800ft 

•  Except  90  kt  or  lees  aircraft  aad 
except  160  kt  or  greater  aiiciafi; 
staner  rale  is  (2J,5) 

(45,6)  or 
dc4>aslot 

wa 

#  Except  80  kt  or  less  aircraft  and 
except  160  kt  or  greater  aircraft; 

reaacrralekOJ) 

or 

•  Do  not  pair  110  kt  or  less  aircraft 
leadngwidi  160  kt  or  greater  aircraft 
trailing  aad  except  90  kt  or  less 
aircraft;  atagger  rale  is  (2JW 

(45,6)  or 
skip  a  slot 

(45,6)  or 
skip  a  slot 

_ 

•  Do  not  pair  100  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  aad  except  80  kt  or  less 
aircraft;  itairr  rale  is  (3.6) 

(45,6)  or 
dap  a  slot 

26 

4101  ftto  5000ft 

•  Restrict  100  kt  or  less  aircraft  to 
nmway  with  shorter  threshold  to 
intersection  distance  and  except  90  kt 
or  less  aircraft  aad  except  160  kt  or 
greater  aircraft;  stagger  rale  is 

(253) 

or 

(4,6)  or 
skip  a  slot 

•  Rettict90ktorlessaiiciiftio  (4,6)or 

nmway  with  Aoner  tiKshoid  to  ddp  a  slot 
iiMenection  diaance  aad  except  80  kt 
cr  less  aiiciaft  aod  except  160ktor 
greater  aiicfaft:  rtager  rale  i>  (3 A 
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Resarict  90  kt  or  less  aircraft  to 
runway  with  shorter  thresdiold  to 
iateraection  distance  aad  do  not  pair 
110  kt  or  less  aiiciift  leading  with 
160  kt  or  greater  airci^  trailing  and 
excefit  80  ki  or  lets  ainaaft;  Aaner 
raieia(3^ _ 


(4,6)  or 
skip  a  slot 


8901  ftto  9100ft 


Rertiict  llOktorkataifcraftto 
ranaray  with  shorter  threshold  to 
iaiemction  distMicr  aad  except  90  kt 
or  lets  aircraft  aad  except  160ktor 
greater  aircraft;  itaggrr  rale  is 
(2.S4) 

Restrict  90  kt  or  less  aircraft  to 
rtaiway  with  shorter  threshtdd  to 
interKction  distance  and  except  80  kt 
or  less  ancraft  aad  except  160  kt  or 
greater  aifciaft:  atafger  rate  it  (3,5) 


(4,6)  or 
skip  a  slot 


Restrict  90  kt  or  less  aircraft  to 
runway  with  diorter  threshold  to 
intersection  distance  aad  do  not  pair 
110  kt  or  less  aircraft  leading  with 
160  kt  or  greraer  aircraft  trailing  and 
except  80  kt  or  less  aircraft;  staner 
rale  it  (3,6) 


(4,6)  or 
skip  a  slot 


(4,6)  or 
ddpasloi 


9101  ft  to  11300  ft 


Restrict  1 10  kt  or  less  aircraft  to 

runway  with  shorter  threshold  to 
intersection  distHice  aad  except  90  kt 
or  less  aircraft  aad  except  160  kt  or 
greater  aircraft;  stagger  rale  is 

(2,5,6) 

Restria  100  kt  or  less  aircraft  to 

runway  with  diorter  threshold  to 
iraersectioo  disauice  and  except  80  kt 
or  less  aircraft  and  except  160  kt  or 

greater  aircraft;  staaaer  rale  is  (3,6) 


(4,7)  or 
skip  a  dot 


(4,7)  or 
ddpadot 


11301  ft  to  13300  ft 


Restria  1 10  kt  or  less  aircraft  to 

runway  with  shorter  threshold  to 
imersectian  disanoe  and  except  80  kt 
or  less  aitctaft  and  except  160  kt  or 

greater  aircraft;  staaacr  rale  is  (3,6) 


(4  J,7)  or 
skip  a  dot 
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30 

S(X)lftto6400ft 

Up  to  6400  ft 

•  Excq>t90ktor  lessaiicniftaMl 
except  160  kt  or  greater  aircraft; 
«aaernrieii(2J3) 

or 

•  Except  80  kt  (S' less  aiicraft  aad 
except  160  kt  or  greater  aiiciaft; 

nrie  ■  (3«5) 

or 

•  Do  not  pair  1 10  ia  or  kss  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  90  kt  or  less 
aircraft:  Magger  rale  is  (2J^ 

•  Do  not  pair  100  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  80  kt  or  less 
aircraft;  Maner  rale  is  (SUA 

(4.5,6)  or 
skip  a  s!(K 

(4.5,6)  or 
dcipadot 

(4J.6)or 
skip  a  slot 

(4.5,6)  or 
sldpaslcH 

31 

5001  ftto  6400ft 

6401  ft  to  8700  ft 

•  Except  90  kt  (Hr  less  aircraft  and 
except  160  kt  or  greater  aircraft; 

stagger  rale  is  (34) 

or 

•  Do  not  pair  110  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  90  kt  or  less 
aircraft;  rtamr  rale  is  (34) 

(5.6)  or 
skipa  sl(X 

(5.6)  or 
skip  a  slot 

32 

5001  ft  to  6400  ft 

8701  ft  to  15000  ft 

•  Restrict  110  kt  or  less  aircraft  to 
runway  with  shorter  threshold  to 
intersection  distance  and  except  90  kt 
or  less  aircraft  and  except  160ktor 
areater  aircraft;  staner  rale  is  (3,6) 

(5.7)  or 
skip  a  slot 

33 

6401  ft  to  8100  ft 

Up  to  8100  ft 

#  Except  90  kt  or  less  aircraft  and 
except  160  kt  or  greater  aircraft; 
dagger  rale  is  (34) 

0  Do  not  pair  110  kt  or  less  aircraft 
leading  with  160  kt  or  greater  aircraft 
trailing  and  except  90  kt  or  les 
aircraft:  staner  rale  is  (34) 

(5.6)  or 
slap  a  slot 

(5.6)  or 
skipa  dot 

34 

6401  ftto  8100ft 

8101  fttol(»00ft 

•  Restrict  100  kt  or  less  aircraft  to 
runway  with  diofter  threshold  to 
intersection  distance  and  except  90  kt 
or  les  aircraft  and  except  160  kt  or 
greater  aircraft;  daner  rale  is  (3,6) 

(5.7)  or 
ddpaslfX 

5-46 


5-47 


tt)  the  controllers.  The  speeds  referenced  in  this  table  are  indicated  final  approach 
air^)eeds.  Guidance  concerning  "restricted"  and  "excepted"  aircraft  is  given 
below. 

6.  Determine  the  decision  heights  for  each  runway  when  the  glide  slope  is  out  of 
service.  Find  the  larger  of  the  two  values.  Repeat  steps  4  and  5  to  determine  the 
DCIA  procedure  for  this  runway  configuration  when  either  glide  slope  is  out  of 
service. 


52  AN  EXAMPLE  OF  THE  USE  OF  THE  DOA  TABLES 

As  an  example  of  this  process  and  interpretation  of  tables  5>1  through  5-3,  consider  the  case 
of  Boston  Logan  International  Airport 

Suppose  Bostt>n  has  three  eligible  configuiaticMis  (i.e..  there  is  an  ILS  or  LOG  on  both 
runways  and  die  missed  qiproach  procedures  meet  the  straight-out  criteria),  33Ly4R; 

1SR/4R;  and  27/22L.  The  facility  then  would  go  dirough  die  exercise  of  determining  the 
runway  lengths  to  intersecdon  for  each  condguradon  and  the  decisi  n  heights  for  (1)  when 
both  ILSs  are  fiiUy  available  (called  Tull  ILS”  here)  and  (2)  when  die  glide  slopes  may  be 
out  of  service  (i.e.,  localizer  only  approaches;  called  "GS  out"  here)).  Having  determined 
these  for  each  configoradon,  and  for  each  mode  (full  ILS  or  GS  Out)  the  facility  would  then 
go  either  to  table  5-1, 5-2  or  5-3  depending  upon  the  decision  heights,  and  find  the  applicable 
row,  as  indicated  in  table  5-4. 


Table  5-4.  Example  of  DCIAs  at  Boston 


Runways 

Threshold-to- 
intersecdon 
distance  (ft) 

DHs(ft) 

(Larger  of  tttt  two 
DIb  for  the  two 
runways) 

DGIARule 

(Table-Row) 

Short  Lone 

ILS 

LOG 

FuU  ILS  GS  Out 

4144  5201 

200 

463 

(5-l)-21  (5-2)-19 

15R/4R 

3998  4144 

562 

(5-l)-20  (5-3)-19 

2J/22L 

5979  6744 

443 

484 

(5-2)-25  (5-2)-25 
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Consider  configuration  4R/33L.  The  decision  heights  for  the  two  runways  for  full  ILS 
approaches  are  both  200  ft.  The  runway  to  intersection  distances  are  4144  and  5201  ft 
respectively.  The  DCIA  rule  for  this  configuration  is  therefore  found  in  Row  21  in  table  S-1 
(i.e.,  (S-l)-21).  Row  21  in  table  5-1  provides  seven  q)tions  from  which  to  choose.  The 
^lity  might  choose  q)tion  number  3,  which  allows  a  (2,5)^  stagger  operation  with  the 
aircraft  90  kts  or  less  and  160  kts  or  greater  "excepted''^. 

If  a  glide  slc^  on  either  runway  4R  or  33L  were  to  be  out  of  service,  the  decision  heights 
for  the  two  runways  would  be  422  and  463  ft  respectively.  The  larger  decision  height  is  463 
ft  The  ^plicable  procedure  would  therefore  be  found  in  table  5-2.  The  runway  to 
intersectitm  distances  are,  as  before.  4144  and  5201  ft  respectively.  The  tqjplicable 
procedure  would  therefore  be  found  in  row  19  of  table  5-2.  Row  19  provides  4  options.  The 
facility  may  determine  that  it  would  always  use  the  first  option,  which  allows  a  (2.5,5) 
stagger  operatitm  and  "excepts”  aircraft  with  final  approach  speeds  of  80  kts  or  less  and  160 
kts  or  greater  from  the  (2.5,5)  rule. 

The  facility  would  identify  aircraft  groups  by  types  that  reflect  the  appropriate  indicated  final 
approach  airspeeds.  Suppose,  ftn*  Boston,  aircraft  with  90  kts  or  less  final  approach  speeds 
include  all  single  engine  general  aviation  aircraft,  and  aircraft  with  160  kts  or  greater  final 
approach  speeds  include  all  military  fighter-type  aircraft  The  local  order  at  Boston  could 
then  state  that  the  stagger  operation  for  runways  (4R/33L)  would  be  conducted  with  a  (2,5) 
stagger  rule,  and  when  either  a  single  engine  general  aviation  aircraft  is  the  leading  aircraft, 
or  when  a  fighter-type  aircraft  is  the  trailing  aircraft,  a  DQA  slot  shall  be  missed.  If  the 
glide  sl(^  to  either  runway  goes  out  of  service,  the  DCIA  operation  would  be  run  with  a 
(2.5,5)  rule.  Again,  when  either  a  single  engine  general  aviatimi  aircraft  is  the  leading 
aircraft,  or  when  a  fighter-type  aircraft  is  the  trailing  aircraft,  a  DOA  slot  shall  be  missed. 
The  facility  would  repeat  the  process  for  the  other  two  configurations. 

To  place  the  results  shown  in  tables  5-1  through  5-3  in  perspective,  consider  die  airports 
list^  in  table  5-5.  These  airports  ate  a  selection  of  airports  in  the  top  100  U.S.  airports  that 
have  converging  runways  and  sufficient  instrumentation  on  those  runways  to  support  the 
DQA  procedure.  A  plot  of  these  airports  on  charts  shown  in  figures  5-1  through  5-3.  These 
charts  show  the  extent  of  each  of  the  "breakpoints”  in  tables  5-1  through  5-3,  re^x^tively. 
Using  the  exao^le  of  Boston  again,  runway  pair  4R/33L  has  a  ”sh(»ter  distance  from 


1  The  (2,5)  stagger  t^reration  requires  that  aircraft  be  staggered  by  2  nmi  when  the  leading 
aircraft  is  a  mm-heavy  aircraft  and  by  5  nmi  when  the  leading  aircraft  is  a  heavy  aircraft 

2  The  simplest  way  to  handle  aircraft  "excepted"  from  the  DQA  stagger  rule  is  to  miss  a 
DQA  slot  "Excepted  aircraft"  are  discussed  in  section  4.1. 
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Table  5*5.  Some  Airports  with  Potential  DCIA  Applications* 


Anpoft 


liorter 


Runways 

Threshold-to-iaienectioa 
Distance  (ft) 

Short  I  jw>g 

yaui 

0 

2405 

ism 

0 

17,499 

2SJ2S 

3S2 

1459 

2aRA2 

SS3 

10,753 

18/24R 

711 

M70 

27/21L 

942 

1476 

niJ22 

996 

2436 

6l/tS 

1,470 

11411 

IIU27 

1,750 

6,082 

27R/17 

1,S71 

4,713 

14A3R 

2,763 

2,789 

I4/I5L 

2,765 

7418 

32/23R 

2,7» 

4,843 

lIRM 

2.S13 

3448 

4/3aL 

3,050 

4473 

30R/24 

3,141 

9439 

t«24L 

3J45 

7,433 

19U2ffi 

3,296 

4,893 

6/33 

3,344 

4437 

ISRMR 

3/998 

4,144 

19U2SL 

4,050 

4,870 

33U4R 

4,144 

5401 

2S03L 

4,278 

4,739 

29U22 

4.454 

6453 

iSR/27 

4,502 

5413 

17L/36L 

4/618 

20.901 

3aU24 

4/648 

8.409 

lSt/10 

4,709 

5438 

24/33 

4,837 

6,155 

32/3L 

4,843 

7418 

7R/IL 

4,861 

3,815 

17L/8R 

5.408 

20.920 

3/3«l 

5/681 

5,705 

Z7/21R 

3,894 

7466 

9R/17 

6.123 

13,793 

14R/Z2R 

6,173 

9,479 

4Rm 

7/662 

11/016 

32R/27 

7.753 

15497 

12/I9R 

9,272 

13482 

32L/37R 

9486 

9483 

12/I9L 

I04I3 

16481 

iat/I3R 

10475 

13464 

3St01R 

10/953 

13471 

32R/26 

11481 

14467 

9R/I4L 

11,739 

15463 

22R/27L 

12,006 

13,483 

iTtnm 

20467 

26419 

36L/31R 

22.494 

distance  to  intersection 
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threshold-to-intersecticm''  of  4144  feet  and  a  "longer  distance  firom  thie$hold-to-intersection" 
of  5201  feet  With  a  decision  height  of  200  feet  the  procedure  defined  in  table  5-1  would  be 
i^)propriate.  Therefore,  the  chart  in  figure  5-1  would  have  a  point  at  4144/5201  for  Boston 
4R/33L.  As  one  can  see  from  figure  5-1,  about  one  half  of  die  runway  configurations  on  the 
list  in  table  5-5  are  covered  by  the  (2,5)  stagger  rule,  with  the  ^ipropriate  restrictions 
depending  on  which  "box"  tlw  runway  coniiguratk»  falls  within,  lliere  are  a  few  runway 
configuraticHis  that  fall  outside  all  of  the  "boxes".  This  means  that  even  a  (3,6)  stagger  rule 
will  not  be  sufficient  to  cover  these  runway  configuraticms  using  the  conservative  analysis 
assumptions.  Figures  5-2  and  5-3  show  die  same  type  of  data  for  those  configurations  with 
decision  heights  of  250  to  500  feet  and  500  to  700  feet,  respectively. 


5J  RESULT  SENsmyrriES 

The  miginal  model  uses  an  instantaneous  speed  increase  to  a  higher  constant  missed 
approach  speed  to  model  the  trailing  aircraft's  acceleration  during  its  missed  approach 
maneuver.  The  second  order  model  uses  a  constant  acceleration  during  the  missed  approach 
maneuver.  Upper  bounds  of  maximum  possible  differences  in  separation  between  the  two 
models  were  used  to  evaluate  model  sensitivity  to  the  assumption  of  an  instantaneous  speed 
increase.  For  operations  in  which  neither  ^iproach  decision  height  exceeded  250  feet,  the 
second  (xder  model  was  used  to  determine  E>CIA  procedure  restrictions.  These  results  were 
compared  with  those  of  the  original  model.  The  next  two  subsections  discuss  the  results  of 
an  evaluation  of  the  stability  of  the  numerical  calculation  and  the  difference  in  the  DCIA 
procedure  restrictions. 

53.1  Evaluation  Of  Stability  of  the  Numerical  Calculations 

Two  aspects  of  the  stability  of  the  original  model's  numerical  calculations  were  evaluated: 

a.  Sensitivity  of  computations  to  the  computer  and  the  software  used  to  implement  the 
model 

b.  Sensitivity  of  the  original  model  to  the  assumption  of  constant  trailer  missed 
approach  speed  of  the  trailing  aircraft 
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Figure  5-1 .  DCIA  Procedure  Regions  for  Decision  Heights  <  =  250  Feet 


5-53 


Figure  5-2.  DCIA  Procedure  Regions  for  Decision  Heights  >  250  feel  and  <  =  5(K)  Feet 
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Figure  5-3.  DCIA  Procedure  Regions  for  Decision  Heights  >  500  feet  and  <  =  700  Feet 


The  original  naodel  was  implemented  in  Microsoft^  Excel  on  both  an  IBM  PC  and  a 
Macintosh  and  the  numeric  output  of  the  two  implementations  was  compared.  The  two 
Excel  model  inoplementations  were  found  to  be  in  close  agreement  Also,  the  original  model 
implemoited  on  the  Macintosh  in  Excel  and  the  second  order  model  implemented  on  the 
Macintt»h  in  Mathematica  were  con^Mred  for  a  variety  of  cases.  The  two  models'  time 
separations  ctmsistently  differed  by  less  than  0.01  seconds  and,  in  all  cases  in  which  the 
trailing  aircraft  had  not  reached  its  missed  approach  point  when  the  leading  aircraft  reached 
the  intersection,  the  distance  separations  differed  by  much  less  than  0.001  nmi.'*  This 
consistency  is  expected:  in  the  second  order  model,  the  constant  acceleration  is  chosen  so 
that  aircraft  will  reach  the  intersection  at  the  same  time  in  both  models;  and  tlie  two  models 
are  designed  to  be  the  same  until  the  trailing  aircraft  begins  its  missed  approach  maneuver. 

As  explained  in  section  4.2,  after  the  trailing  aircraft  begins  its  missed  approach  maneuver, 
the  separation  computed  by  the  second  order  model  is  larger  than  that  of  the  original  model 
(assuming  die  trailing  aircraft  has  not  passed  the  lead  aircraft).  Theoretical  bounds  on  the 
nuucimum  possible  differences  in  separation  between  the  two  models  were  determined  as 
described  in  r^ipendix  E.  These  themtical  bounds  are  presented  in  figures  E-1  to  E-6.  For 
eight  qiecific  cases  in  which  the  trailing  aircraft  had  begun  its  missed  approach  maneuver, 
table  E-2  provides  a  detailed  comparison  of  the  differences  in  separaticm  computed  by  the 
two  models  versus  the  theoretical  bounds  on  those  differences.  This  compariscm  is 
summarized  in  table  S<6.  The  "Observed  Difference"  is  the  difference  in  separation  distances 
measured  by  the  two  models  when  the  leading  aircraft  is  at  the  intersection.  The  various 
observed  differences  result  from  a  leading  aircraft  with  nominal  80  kt  final  approach 
airspeed  and  three  different  trailing  aircraft  with  nominal  final  approach  airspeeds  of  150, 
160,  and  170  kts,  re^ctively.  For  each  trailing  aircraft,  cases  corresponding  to  different 
wind  conditions  and  threshoU-to-intersection  distances  are  presented. 


3  Microsoft  is  a  registered  trademark  of  the  Microsoft  Corporation,  IBM  is  a  registered 
tradmark  oi  the  International  Business  Machines  dknporation.  Macintosh  is  a  registered 
trademark  of  Apple  Computer,  Incorporated,  and  Mathematica  is  a  registoed  trademark 
of  Wolfram  Research,  Inc. 

*  The  differaice  in  time  for  leading  and  trailing  aircraft  to  reach  the  intersection  of  the 
runway  centeriines  is  called  time  separation.  The  distance  between  the  two  aircraft  when 
the  leading  aircraft  is  at  the  intersection  is  called  tUstance  separation,  or  simply 
separation. 


Table  5>6.  Some  Differences  in  Aircraft  Separation  Distances  for  the  Original 

and  Second  Order  Models 


Final  Approach  Airspeed  Theoretical  Bound  on  Observed  Difference  (ft) 
of  Trailing  Aircraft  (kts) _ Kfference  (ft) _ 


150 

180 

21 

160 

229 

32 

272 

150 

316 

50 

170 

230 

107 

267 

22 

269 

225 

313 

153 

5J.2  Corroboration  of  DCIA  Procedure  Restrictions 

h)  order  to  cotrobwate  the  procedure  restrictions  generated  using  the  original  model  and  to 
partially  evaluate  the  sensitivity  of  DCIA  procedures  to  the  assumption  of  constant  missed 
approach  speed,  the  second  order  model  was  used  to  generate  DCIA  procedure  restrictions. 
Ilie  set  of  DQA  iterations  chosen  for  the  ctmiparative  analysis  was  all  operations  in  which 
neither  approach  d^sion  height  exceeded  250  feet. 


The  following  noethodology  was  used.  Let  D1  and  D2  be  the  shorter  and  longer  threshold- 
to-intersectimi  distances  of  the  two  approach  paths,  re^tectively.  The  rows  of  table  5-1  are 
uniquely  specified  by  (Dl,  D2)  pairs.  Each  row  is  called  a  box  because  the  rows  determine 
the  lectan^es  shown  in  figure  5-1.  The  second  order  model  was  used  to  try  to  increase  the 
value  of  D2  for  each  box  in  table  5-1.  The  requirement  inqrosed  on  the  second  mder  niKxiel- 
generated  DdA  procedures  was  that  in  each  box,  restrictions  for  die  minimum  stagger 
requirements  could  be  weakened  but  not  strengthened.  No  requirement  was  placed  on 
restrictions  for  other  staggers  in  each  box.  For  example,  in  box  7  of  table  5-1,  only  the 
restriction  for  the  (2,5)  stagger  rule  cannot  be  strengtltened  using  the  second  order  model. 
The  results  of  this  arudysis  are  presented  in  table  G-1  in  appendix  G.  Table  G-1  is  a 
reproducticm  of  table  5-1  with  a  column  substituted  for  the  right  hand  column  in  that  table  to 
show  the  results  of  the  second  order  noodel  analysis.  Note,  for  example,  that  in  box  7  of 
table  G-1,  die  sectmd  order  model  results  in  the  same  restriction  for  dte  (2,5)  stagger,  Init  the 
rules  based  on  the  original  model  for  the  other  staggers  do  not  suffice  for  the  D2  value 
determined  using  the  secomi  order  model. 
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The  original  nxxlel  was  implemented  in  Microsoft^  Excel  on  both  an  IBM  PC  and  a 
Macintosh  and  the  numeric  output  of  the  two  implementations  was  cranpared.  The  two 
Excel  model  iBq)lementations  were  found  to  be  in  close  agreement  Also,  the  tniginal  model 
implemented  on  the  Macintosh  in  Excel  and  the  second  onler  model  implemented  on  the 
Macintosh  in  Madiematica  were  compand  for  a  variety  of  cases.  The  two  models'  time 
separations  consistently  differed  by  less  than  0.01  seconds  and,  in  all  cases  in  which  the 
trailing  aircraft  had  not  reached  its  missed  ^iproach  point  when  the  leading  aircraft  reached 
the  intersection,  the  distance  separations  differed  much  less  than  0.001  nmi.^  This 
cmsistency  is  expected:  in  the  second  order  model,  the  constant  acceleration  is  chosen  so 
that  aircraft  will  reach  the  intersection  at  the  same  time  in  both  models;  and  the  two  models 
are  designed  to  be  the  same  until  the  trailing  aircraft  begins  its  missed  approach  maneuver. 

As  explained  in  section  42,  after  the  trailing  aircraft  begins  its  missed  approach  maneuver, 
the  separation  conqiuted  by  the  second  order  model  is  larger  than  that  of  the  original  model 
(assuming  the  trailing  aircraft  has  not  passed  the  lead  aircraft).  Theoretical  bounds  on  the 
maximum  possible  differences  in  separation  between  the  two  models  were  determined  as 
described  in  tytpendix  E  These  themtical  bounds  are  presented  in  figures  E-1  to  E-6.  For 
eight  q)ecific  cases  in  which  the  trailing  aircraft  had  begun  its  missed  approach  maneuver, 
table  E-2  provides  a  detailed  comparison  of  the  differences  in  separation  computed  by  die 
two  models  versus  the  theoretical  bounds  on  diose  differences.  This  comparison  is 
summarized  in  table  5-6.  The  "Observed  Difforence"  is  the  difference  in  separation  distances 
measured  by  the  two  models  when  the  leading  aircraft  is  at  the  intersection.  The  various 
observed  differences  result  from  a  leading  aircraft  with  nominal  80  kt  final  approach 
airspeed  and  three  different  trailing  aircraft  with  nominal  final  approach  airspeeds  of  150, 
160,  and  170  kts,  reflectively.  For  each  trailing  aircraft,  cases  corresponding  to  different 
wind  conditions  and  threshold-to*intersection  distances  are  presented. 


3  Miaosoft  is  a  registered  trademark  of  the  Microsoft  Corporation,  IBM  is  a  registered 
tradmark  of  the  Intematicmal  Business  Machines  Corporation,  Macintosh  is  a  registered 
trademark  of  Apple  Computer,  Incorporated,  and  Mathematica  is  a  registered  trademark 
of  Wolfiam  Research,  Inc. 

*  The  difference  in  time  for  leading  and  trailing  aircraft  to  reach  the  intersection  of  the 
runway  centerlines  is  called  time  separation.  The  distance  between  the  two  aircraft  when 
the  leading  airouft  is  at  the  intersection  is  called  distance  separation,  or  simply 
separation. 


i 


Table  5^.  Some  Dlfferenoes  in  Aircraft  Separation  Distances  for  the  Original 

and  Second  Order  Models 


Final  Approach  Airspeed 
of  Trailing  Aircraft  (kts) 

Theoreticid  Bound  on 
Difference  (ft) 

Obaerved  Difference  (ft) 

150 

180 

21 

160 

229 

32 

272 

150 

316 

50 

170 

230 

107 

267 

22 

269 

225 

313 

153 

SJJ  Corroboration  of  DCIA  Procedure  Restrictions 

In  order  to  corroborate  the  procedure  restrictions  generated  using  the  original  model  and  to 
partially  evaluate  die  sensitivity  of  DCIA  procedures  to  the  assumption  of  constant  missed 
approach  iqpeed,  the  second  mder  model  was  used  to  ^nerate  DCIA  procedure  restrictions. 
The  set  DCIA  qierations  chosen  for  die  comparative  analysis  was  all  qierations  in  which 
neither  approach  d^sion  height  exceeded  250  feet 

The  following  methodology  was  used.  Let  D1  aixl  D2  be  the  shorter  and  Icmger  threshold- 
to-intersection  distances  of  die  two  approach  paths,  respectively.  The  rows  of  table  5- 1  are 
uniquely  specified  by  (Dl,  D2)  pairs.  Each  row  is  called  a  box  because  the  rows  determine 
the  rectan^es  shown  in  figure  5-1.  The  second  order  model  was  used  to  try  to  increase  die 
value  of  D2  for  each  box  in  table  5-1.  The  requirement  imposed  on  the  second  tnder  model¬ 
generated  DCIA  procedures  was  duu  in  each  box,  restrictions  for  the  minimum  stag^ 
requirements  coi^  be  weakened  but  not  strengdioied.  No  requirement  was  placed  on 
restrictions  for  other  stagi^  in  each  box.  Fbrexanq)le,inbox7oftable5-l,oniy  the 
restricdon  for  die  (2,5)  stagger  rule  cannot  be  strengdiened  using  the  second  order  model. 
The  results  of  this  analysis  are  presented  in  table  G-1  in  appendix  G.  Table  G-1  is  a 
reproduction  of  taUe  5-1  with  a  column  substituted  for  the  right  hand  column  in  diat  table  to 
riiow  the  results  of  the  second  order  model  analysis.  Note,  for  example,  that  in  box  7  of 
table  G-1,  die  second  order  model  results  in  the  same  restriction  for  the  (2,5)  stinger,  but  the 
rules  based  on  the  original  model  for  the  other  staggers  do  not  suffice  fen*  die  D2  value 
determined  using  die  second  order  model. 
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Based  on  the  theoretical  comparison  of  the  original  model  and  die  second  order  model,  it  is 
clear  that  for  every  box  in  table  G-1,  D2  for  the  second  order  model  must  be  at  least  as  large 
as  that  for  die  original  model.  Examinatioa  of  table  G-1  shows  this  to  be  the  case.  The 
increase  in  D2  value  of  the  second  order  model  over  that  of  the  original  model  ranges  from  0 
to  3900  feet  Table  S-7  shows  the  largest  increases  in  D2  achieved  by  the  secomi  order 
model.  Typical  increases  are  about  100  to  200  feet  Even  where  diere  are  no  increases  in 
D2,  qierational  restrictions  are  often  less  restrictive  using  the  second  order  model.  In  all 
cases,  the  increase  in  D2  using  the  second  order  model  is  within  the  theoretical  bounds 
discussed  in  the  previous  subsection. 


Table  5-7.  Largest  Increases  in  D2  Between  the  Original  and  Second  Order 
Models  for  Decision  Heists  <s250  ft 


Box  Number 

D1 

Original  D2 

Second  Order 
Model  D2 

Delta  D2 

7 

2600 

10600 

12500 

21 

4400 

5800 

7400 

1600 

25 

4400 

13900 

17800 

40 

8300 

8700 

11000 

Bgure  5-4  presents  die  boxes  generated  using  the  second  order  model  for  decision  heights  of 
250  feet  or  less.  Comparison  with  rigure  5-1,  which  presents  die  boxes  generated  using  the 
original  model  for  decision  heights  of  250  feet  or  less,  shows  diat  the  gains  in  D2  values 
achieved  using  the  second  order  model  rather  than  the  original  model  are  usually  modest,  but 
in  some  cases  (e.g.,  diose  configurations  identified  in  table  5-7)  the  gains  are  significant 


5,4  ANALYSIS  OF  PARTICULAR  SITES 

The  procedures  that  are  listed  in  tables  5-2, 5-3,  and  5-4  can  be  safely  applied  to  any  runway 
conriguratitm  diat  confmns  to  the  requirements  in  the  tables.  The  analysis  from  which  these 
tables  were  developed  insures  that  a  minimum  horizontal  and  time  sepanuimi  are  maintained 
at  die  intersection  of  the  converging  runways  in  die  event  of  consecutive  missed  ^ifnoaches. 
However,  because  the  procedures  are  categorized  by  ranges  of  values  of  the  parameters,  die 
separation  between  aircraft  executing  consecutive  missed  approaches  at  certain  runway 
configurations  will  be  greater  than  the  required  minimum  separation.  In  particular,  if  the 
runway  configuration  is  in  the  lower  left  COTner  of  any  of  the  cells  in  figures  5-1, 5-2,  or  5-3 
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.  DCIA  Procedure  Regions  for  Decision  Heights  of  250  Feet 
or  Less  Usine  the  Second  Order  Model 


Except  90  kt  or  less  aircraft  and  except  160  kt  or  greater  aircraft;  stagger 
rule  is  (3,5), 

or 

Do  not  pair  1 10  kt  (x*  less  aircraft  leading  with  160  kt  or  greater  aircraft 
trailing  and  except  90  kt  or  less  aircraft;  stagger  rule  is  (3,5). 


Notably  pairings  of  jets  (120/150)  do  not  yield  predicted  sqMrations  greater  than  1  nmi  at 
stagger  values  of  2  or  2.5  nmi.  Applying  dte  DQA  procedure  with  a  3  nmi  stagger 
requirement  may  ntx  prove  to  be  a  bmficial  operation  at  ORD. 

Using  the  site  specific  runway  lengths,  included  angle  of  50  degrees  aixl  decision  height  of 
200  ft,  the  pairing  of  jets  at  stagger  values  below  3  nmi  is  no  proUem  for  the  non-heavy 
leading  case.  Using  a  2.5  nmi  stagger,  the  inedicted  separation  for  the  120/150  pairing  is 
1.59  nmi  for  die  slow  non-heavy  aircraft  leading.  For  the  case  of  heavy  leading,  a  5  nmi 
stagger  yields  an  acceptable  separation  of  84  seconds.  Applying  the  (2.5,5)  rule  to  all  other 
^leed  pairings  leads  to  a  general  stamment  of  a  site  specific  procedure: 


Do  not  pair  110  kt  or  less  aircraft  leading  widi  160  kt  or  greafor  aircraft 
trailing  and  except  100  kt  or  less  aircraft;  stagger  rule  is  (2.5,5). 


The  inqiortam  diffemioe  between  this  procedure  and  the  one  in  table  5-1  is  the  lower  staggCT 
values  allowed  for  die  pairing  of  jets.  (In  diis  case,  die  second  order  model  was  not  required 
to  yield  die  irrqirovemenL  The  near  optimal  included  angle  and  die  tailoring  of  runway 
lengths  gives  a  dramatic  improvement). 

An  even  more  dramatic  inqirovement  can  be  realized  fm  jets  1^  stating  the  procedure  as  a 
(2,5)  rule.  It  does  lead  to  more  significant  restrictions,  however,  on  other  (riower)  aircraft. 
Applying  the  (2,5)  rule  to  all  other  speed  pairings  leads  to  a  general  statement  of  a  possible 
site  qiecific  procedure: 


Do  not  pair  120  kt  or  less  aircraft  leading  with  160  kt  or  greater  aircraft 
trailing  and  except  1 10  kt  or  less  aircraft;  stagger  rule  is  (2,5). 


tf  die  traffic  is  predominaiely  comprised  of  jets  diis  is  a  very  ^cient  stagger  qieration. 
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5,402  PHL9R/17 


I^iladelphia  (PHL)  is  chosen  to  Ulustrate  a  case  of  asymmetric  ninway  lengths.  For  the 
configuratkm  PHL  9R/17  the  lengths  from  threshtrid  to  intersection  are  13,793  and  6,125 
feet  feet,  respectively.  The  applicable  rule  in  table  5-1  is  found  in  row  37.  It  calls  fca-  at 
least  2.S  nmi  stagger  fcH’  the  non-heavy  leading  case  with  the  fc^owing  restrictions: 


Restrict  1 10  kt  or  less  aircraft  to  the  ninway  with  the  shorter  threshold-to- 
intersecticHi  distance  and  except  90  kt  or  less  aircraft  and  except  160  kt  or 
greater  aircraft;  stagger  rule  is  (2.5,6). 
or 

Restrict  1 10  kt  or  less  aircraft  to  the  runway  with  the  shorter  threshold  to 
interesection  distance  and  do  not  pair  90  kt  or  less  aircraft  leading  with 
160  kt  or  gruiter  aircraft  trailing  and  except  80  kt  or  less  aircraft;  stagger 
rule  is  (3,6). 


Because  of  the  significant  asymmetry,  the  minimum  (single)  stagger  value  must  work  for  the 
worst  case  of  a  leading  aircraft  on  the  long  ninway.  As  indicated  above,  2.5  nmi  stagger  is 
required.  Consufer  the  case  of  pairing  jet  traffic  (as  typified  by  the  120/150  pairing  in  the 
DOA  model).  For  this  case,  when  the  slow  aircraft  (120  KIAS)  is  leading  on  the  long 
runway  (9R  in  Philadelphia)  a  predicted  separation  of  1.06  nmi  is  found.  When  the  slow 
aircraft  is  leading  on  the  short  runway  (17)  a  predicted  separation  of  1.74  nmi  is  found  when 
using  the  same  2.5  nmi  stagger.  This  result  begs  the  question  of  whether  a  lower  stagger 
value  could  be  safely  employed  when  the  slow  aircraft  is  leading  on  the  shon  runway.  A  site 
specific  analysis  shows  that  a  2.0  nmi  stagger  is  sufficient  for  that  case  (the  predicted 
separation  is  1.15  mni).  An  asymmetric  stagger  may  be  beneficial.  Applying  a 
"(2.0&2 ^,6)”  stagger  rule  to  all  other  speed  pairings  leads  to  a  general  staxment  of  a 
possible  site  qiecific  procedure.  The  site  sproific  decision  luiight  is  250  feet  Using  the  site 
specific  runway  lengfes,  included  angle  of  83  degrees  and  decision  height  of  250  ft,  a  site 
specific  analysis  using  asymmetric  stagger  shows  the  following  result. 


Restrict  100  kt  or  less  aircraft  to  die  ninway  with  the  shorter  thrediold-to- 
intersecdon  distance  and  except  90  kt  or  less  aircraft  and  except  160  kt  or 
greater  ahcraft;  stagger  rule  is  (2.0&2.5/6). 
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In  this  case,  the  lemovaJ  of  the  1 10  kt  nestriction  requires  the  application  of  the  second  order 
model.  The  important  point  in  this  example  is  that  a  lower  effective  stagger  value  can  be 
safely  used  which  could  result  in  higher  arrival  rates. 
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SECTIONS 


RECOMMENDATIONS 


6.1  RECOMMENDATIONS  FOR  IMPLEMENTATION 

The  DCIA  procedure  as  discussed  in  this  document  is  capable  of  supporting  the  DOA 
concept  in  the  current  ATC  environment  and  availaUe  technology.  The  tables  in  section  S 
define  the  stagger  values  and  condititms  under  which  the  DCIA  procedure  can  be  safely 
conducted.  Although  the  categorization  found  in  the  tables  in  section  5  is  not  unique,  it  is  a 
scheme  that  is  designed  for  ease  of  use  by  the  various  facilities  that  wish  to  implement  die 
procedure.  For  this  reason  we  recommend  that  the  implementation  of  the  DCIA  {uocedure 
through  an  FAA  order  be  based  on  these  tables. 

Because  of  the  ccmservative  nature  of  the  results  in  section  5,  some  of  the  facilities  might 
suffer  unneeded  restrictions  based  on  the  tables.  As  shown  in  die  examples  in  section  S.4,  an 
airport  may  benefit  from  an  analysis  of  its  particular  configuration  rather  than  basing  the 
procedure  on  the  worst  case  facility  in  its  group  of  airports.  Therefore,  we  recommend  that 
at  those  airports  with  significant  tr^c  levels  or  with  other  unique  considerations  (e.g.,  the 
runway  with  the  shorter  threshold-to>intersection  distance  is  really  die  airport's  main  runway) 
a  site  specific  analysis  should  be  performed  and  the  procedure  at  that  facility  be  based  on  the 
results  of  that  analysis. 


6  J  RECOMMENDATIONS  FOR  FUTURE  WORK 

The  procedure  as  discussed  in  this  document  is  desigmd  to  be  simple  for  easy  operational 
use  in  the  current  system.  It  contains  several  restrictions  that  were  consider^  necessary  for 
a  first  step.  Many  of  the  constraints  make  the  procedure  conservative,  and  enhancements  are 
possible  to  make  it  more  efficient  or  applicable  to  more  geometries  without  compromising 
the  safety  of  its  operation.  Such  enhancements  will  need  further  research  and  study,  and  in 
some  cases  will  require  additional  prototyping  and  simulations  to  determine  their  viability. 
This  section  lists  some  areas  of  such  possible  enhancements. 

a.  DOAs  for  non-precision  approaches 

b.  Site  specific  variable  and  asymmetric  stagger  values 

c.  Procedure  based  on  speed  differences 
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d.  Turning  missed  i^jproaches 

e.  Goal-based  procedure 

f.  Role  of  cockpit  traffic  display 

g.  Risk  analysis 
These  are  discussed  in  turn. 

6.2.1  Non-Precision  Approaches 

The  DCIA  procedure  discussed  in  this  report  requires  straight-in  precision  (instrument 
landing  system  (ILS)  or  microwave  landing  system  (MLS))  approaches  or  straight-in 
localizer  ^proaches.  Theit  are  many  confIguratitHis  at  tq>  U.S.  airports  where  some 
runways  are  not  equipped  with  such  approaches  where  the  use  of  DCIAs  could  facilitate 
capacity  benefits.  An  analysis  of  DCIAs  for  very  high  frequency  omnidirectional  range 
(VOR)  approaches,  ILS  back  course  approaches,  and  flight  management  system  (FMS)/area 
navigation  (RNAV)  approaches  should  be  conducted  to  determine  the  possibility  of 
extending  the  DOA  procedure  to  non-precision  approaches. 

6.2  Jt  Asymmetric  Stagger 

The  stagger  requirements  for  a  given  runway  geometry  depend  strongly  on  the  length  of  the 
runway  to  intersection  that  the  slower  aircraft  must  travel  Slow  aircraft  leading  on  a 
runway  with  the  longer  distance  to  intersection  requires  larger  stagger  values  for  safe 
sejMration  at  intersection  than  a  faster  aircraft  destined  for  a  runway  with  a  shmter  distance 
to  intersection.  Many  runway  configurations  consist  of  runways  of  significantly  unequal 
lengths  from  the  runway  threshold  to  the  intersecdon  point  Thus,  fOT  a  stream  of  aircraft 
with  significant  difference  in  qiproach  speeds,  the  stagger  required  (to  assure  a  required 
separation  at  die  intersection  in  the  event  of  consecutive  miss^  approaches)  between  a  slow 
leading  aircraft  and  a  faster  following  aircraft  may  be  larger  than  2  nmi,  while  the  stagger 
required  between  that  faster  aircraft  and  a  next  slower  trailing  aircraft  may  be  less  than  2 
nmi.  Rather  dian  using  the  larger  of  the  two  stagger  values  at  all  times  as  in  the  DCIA 
procedure  described  in  this  document  a  stagger  value  based  on  the  speed  differences  and 
runway  lengdis  may  provide  a  capacity  benefit  Operationally,  this  may  be  facilitated  by 
rules  such  as  placing  an  aircraft  off-coiter  between  two  ghost  targets  to  provide  the  required 
unequal  stagger  values,  or  possibly  by  providing  "target  ghosts". 

An  important  ctmsideration  here  is  also  the  minimum  acceptable  stagger  value.  The  2  nmi 
minimum  in  the  current  procedure  assures  at  least  2  nmi  in  ^ace  separation  for  airborne 
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aircraft  for  all  converging  geometries.  However,  a  2  nmi  stag^  value  is  not  always 
necessary  to  assure  2  nmi  in  space.  Fot  example,  when  an  aircraft  on  the  runway  with  the 
longer  distance  ftcnn  threshold-to-intersection  is  leading,  a  stagger  less  than  2  nmi  may 
assure  at  least  2  nmi  in  ^Mce  at  all  times.  Different  stagger  values  (i.e.,  asymmetric  stagger) 
depending  upon  which  runway  has  the  leading  aircraft  may  facilitare  smaller  sta jger 
requirements  and  thus  provide  greats  capacity  benefits. 

623  Procedure  by  Speed  Difference 

Speed  difference  in  aircraft  landing  on  the  converging  runways  is  a  key  factor  in 
determining  what  stagger  valire  is  necessary  to  achieve  safe  separation  at  the  intersection. 
The  DQA  procedure  analyzed  in  this  docinnent  aims  at  using  one  stagger  value  for  all 
aircraft  pairs.  It  may  be  possible  to  develop  a  procedure  where  the  required  stagger  depends 
upon  the  expected  difference  between  the  landing  speeds  of  the  converging  aircraft  Sites 
with  geometries  with  very  long  distances  to  the  imersectimi  that  have  a  negligible  percentage 
of  traffic  exhibiting  large  qreed  differences  may  be  able  to  benefit  from  such  a  procedure. 
The  challenge  in  the  design  of  such  a  procedure  would  be  to  nuke  it  simple  enough  to  be 
cqjerationally  viable. 

The  current  procedure  utilizes  expected  airspeeds  as  the  basis  for  the  analysis  and  considers 
wOTst  winds  and  geometries  to  determine  the  effect  on  the  expected  separation.  Since  it  is 
the  ground  speeds  that  affect  the  separation  achieved,  consideration  may  be  given  to 
designing  a  procedure  based  on  ground  speeds.  A  critical  factor  in  the  design  of  such  a 
procedure  would  be  its  implicatior*’  cm  controller  workload,  since  it  implies  required 
controller  monitoring  of  ground  speeds. 

6,2.4  Turning  Missed  Approaches 

The  current  procedure  utilizes  straight-out  missed  approaches.  The  design  of  such  a 
procedure  is  not  possible  at  some  sites  due  to  torain,  airspace,  or  environmental 
consideraticxis.  Consideration  should  be  given  to  utilizing  vector  based  turning  missed 
approaches  in  DCIAs. 

Some  sites  (e.g.,  DFW  and  ORD)  have  a  potential  of  using  three  runways  where  two 
runways  are  parallel  and  one  is  converging.  Turning  missed  approaches  fm  the  DCIA 
I»ocedure  may  fecilitare  die  maintenance  of  the  independence  of  one  parallel  approach,  with 
dependent  ctmverging  approaches  to  the  other  parallel  and  the  converging  runway. 
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6J2£  Goal  Based  Procedure 


The  analysis  presented  in  this  paper  is  aimed  at  specifying  the  minimum  stagger  value  that  a 
controller  must  provide  so  that  even  in  the  worst  cases  of  winds,  aircraft  speed  differences 
and  loss  of  either  radio  or  nuiar,  the  two  airanft  will  be  separated  in  the  event  of  a 
consecutive  missed  approach.  The  procedure  is  thus  very  conservative  for  most  cases. 
Paragnq)h  6-64  of  FAA  Order  71 10.65  establishes  how  controllers  may  adjust  separation 
required  to  account  ftx  differences  in  ^)eeds  and  winds.  It  is  conceivable  that  the  DQA 
procedure  be  formulated  in  terms  of  the  eiqpected  separation  at  the  intersection  in  the  event 
of  consecutive  missed  approaches  and  diat  controllers  would  adjust  the  staggn  separation 
required  at  the  threshold  in  order  to  deliver  such  a  separatitm.  A  goal-<niented  procedure 
would  give  controllers  the  flexibility  to  profvide  mote  efficient  spacing  when  the  conditions 
are  not  extreme,  (e.g.,  when  approach  speeds  of  die  two  converging  aircraft  do  not  differ  by 
60, 70  or  80  knots  or  when  winds  are  not  30  knots).  The  issues  that  must  be  addressed  in 
such  a  fonnulation  is  whether  controllers  would  be  able  to  conduct  such  an  operation  when 
the  separation  event  being  posited  is  a  rare  event  It  would  also  need  to  address  radar  and 
ghost  target  availability  requirements  over  the  runways. 

An  analysis  of  sqiarations  achieved  for  different  ground  speeds  may  be  provided  as  guidance 
to  controllers. 

6J.6  Role  of  Codc|rit  Traffic  Display 

The  DCIA  {niocedure  aims  at  separation  in  the  event  of  consecutive  missed  approaches.  If  a 
traffic  display  such  as  a  TCAS  traffic  display  should  prove  to  be  capable  of  allowing  pilots 
to  provide  self-separation  cm  final  approach,  then  a  possibility  exists  of  designing  a  DCIA 
procedure  such  that  cmce  established  on  final  approach,  the  trailing  aircraft  may  be  cleared 
fcH*  a  ccMivexging  tqpproach  to  maintain  a  certain  stagger  distance  from  the  leading  aircraft. 
The  ccmlqnt  traffic  ^splay  may  have  to  be  capable  of  showing  appropriate  ghost  targets  for 
such  a  procedure. 

6Jt.7  Risk  Anaiyais 

As  discussed  in  section  3.3.7  the  sequence  of  events  leading  to  a  worst  case  consecutive 
missed  approach  are,  when  taken  together,  extemely  unlikely.  In  the  future,  after  additional 
experience  has  been  gained  using  the  DCIA  procedure  as  discussed  in  this  paper,  there  may 
be  some  justification  for  and  interest  in  relaxing  some  of  the  constraints  plac^  on  the  model 
that  was  used  tt>  generate  tables  5-2, 5-3,  and  5-4  in  order  to  create  a  more  efficient 
immedure.  A  risk  analysis  of  the  consecutive  missed  api»x>ach  issue  can  be  made  which  will 
allow  decisitm  makers  to  evaluate  the  opoation  with  respect  to  the  risks  involved.  Such  a 
^udy  would  also,  presumably,  make  the  program  easier  to  sell  to  the  users. 
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APPENDIX  A 


EQUATIONS  OF  MOTION 


The  following  discussion  describes  the  missed  approach  dynamics  that  are  used  in  the  DCIA 
model,  fhe  points  alcmg  the  qipioach  where  significant  events  happen  as  an  aircraft 
executes  a  missed  approach  are  shown  in  figure  A-1.  The  aircraft  is  assumed  to  fly  over  the 
outer  marker  on  the  approach  path  to  the  runway  at  a  given  speed.  The  outo*  marto  is  at  a 
distance  of  OM  from  the  intersection.  After  flying  over  the  outer  marker,  the  aircraft  slows 
to  its  final  i^>proach  airspeed  as  it  descends  on  the  glide  slope.  The  deceleration  is  assumed 
to  take  place  over  a  given  distance  and  die  final  approach  airspeed  is  reached  at  a  distance 
DP  from  the  in^section.  The  final  approach  airspeed  is  maintained  until  the  missed 
approach  point  which  is  at  a  distance  MAP  from  Ae  intersection.  At  the  missed  approach 
point,  die  aircraft  instantaneously  increases  its  ^peed.  The  aircraft  then  flies  straight  down 
the  runway  and  through  the  inmrsection. 

In  analyzing  the  dynamics  of  a  pair  of  aircraft  executing  missed  approaches  on  converging 
runways,  the  starting  positions  of  the  aircraft  have  to  be  such  that  the  proper  stagger  distance 
would  have  been  achieved  had  the  leading  aircraft  actually  made  it  to  the  runway  threshold. 
Since  it  is  assumed  for  this  analysis  that  the  leading  aircraft  does  not  accelerate,  there  is  no 
loss  of  generality  in  letting  the  leading  aircraft  start  at  its  runway  threshold  at  time  t=>0. 

Since  the  separation  at  the  intersection  is  measured  as  a  time  sqiaration  if  the  leading  aircraft 
is  a  heavy  aircraft  and  as  a  distance  separatitm  if  the  leading  aiicraft  is  a  non-heavy  aircraft, 
two  sets  of  equatitms  will  be  developed. 


A.1  HEAVY  LEADING  CASE 

The  object  of  this  analysis  is  to  compute  the  difference  in  time  between  the  leading  and 
trailing  aircraft  passing  over  the  runways  centerline  intersectitm. 

If  die  distance  from  the  threshold  to  the  intersection  for  the  leading  aircraft's  runway  is 
(nmi)  then  die  minimum  distance  to  the  intersection  for  the  trailing  aircraft  when  the  leading 
aircraft  is  at  its  runway  threshold  (and  hence  the  worst  situation)  would  be  where  S 
(nmi)  is  the  required  stagger  distance.  See  figure  A-2. 

Regardless  of  wiiere  the  trailing  aircraft  is,  it  takes  a  time  for  the  leading  aircraft  to 

reach  the  intersection  where  is  the  missed  approach  ground  speed  of  the  leading  aircraft. 
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Figure  A- 1.  Missed  Approach  Geometry 


Hie  time  it  takes  the  trailing  aircraft  to  reach  the  intersection  depends  where  on  its  approach 
the  trailing  aircraft  is  when  the  leading  aircraft  is  at  its  runway  threshold.  The  trailing 
aircraft  can  be  outside  its  outer  marker  (i.e..  the  aircraft  is  &r^er  from  the  intersccnon  of  the 
runways  than  the  ourer  marker  is  from  the  intersection),  inside  its  miter  marker  but  still 
decelerating,  mitside  its  missed  approach  point  but  flying  at  its  iRnal  approach  ^leed,  or 
inside  its  missed  approach  point.  For  each  of  these  cases,  the  following  expressions  have 
been  developed  for  the  time  separation,  t,  between  the  leading  and  trailing  aircraft  at  the 
intersection. 

If  the  trailing  aircraft  is  outside  its  outer  rnarken 
if(Di,+S)2<»fx 

D^.■^S-OMT  ^  2x((»<T-iyT)  ,  lyV-MApT  MAPt  Dl  (1) 

Gx 

If  the  tnuUng  aircraft  is  inside  its  outer  marker  uid  is  still  decelerating: 


if  DPx  S  (^r,  +  S)  <  ^W^x 


2x(C»fx-DPx)x  Fr- 

t  X  ^  I  -  1  1  I  i  t. 

Fr*-Gx*  Fr  Mx  Ml 

If  the  trailing  aircraft  is  outside  its  missed  approach  point  but  is  at  its  final  approach  speed: 

ifMAPxS(DL+S)<DPx 

Dl+S-MAPt  ^  MAPt  Dl  (3) 

Ff  Mj  Ml 

If  the  trailing  aircraft  is  inside  its  missed  approach  poant: 


Pt=-1!)l-^S-DPt)x(Ft^-Gt^)'[ 


OMt-DPx 


IXV-MAPt  MAPt  D. 


(2) 


if(DL-^S)<MAPx 

Dl-»-S  (4) 

Mx  *Ml 
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where 
t  * 

Dl* 
s  * 
OMt 
DPf 
MAI^ 

i>r® 

DH* 

Gt 

Fj  s 

Mj 

Ml 


the  time  separation  at  the  intersection 

the  leading  aircraft's  threshold-to-intersection  distance 

the  stagger  distance 

s  the  trailing  aircraft's  outer  marker  to  intersection  distance 

s  the  sailing  aircraft's  point  of  decelertion  to  intersection  distance 

>  the  sailing  aircraft's  miss  approach  point  s>  intersection  distance 

l>r  +  (DH .  50)/(6076  x  tan(30)) 

the  sailing  aircraft's  threshoId-to^intersection  distance 

the  decision  height 

s  the  sailing  aircraft's  ground  ^>eed  outside  its  outer  marker 
the  sailing  aircraft's  final  approach  ground  speed 
=  the  sailing  aircraft's  miss^  approach  ground  speed 
s  tile  leading  aircraft's  missed  approach  ground  speed 


Note  that  in  equation  (2)  Fj  and  Gr  must  be  different  or  else  the  evaluation  of  the  equation 
is  not  possible.  In  other  words,  it  is  assumed  that  the  sailing  aircraft  decelerates  from  its 
outer  marker  speed  to  its  final  approach  speed. 


AJ  NON-HEAVy  LEADING  CASE 

The  case  where  the  leading  aircraft  is  a  non-heavy  is  more  complex  because  not  only  does 
the  separation  at  the  in^rsection  depend  on  where  tiie  trailing  aircraft  is  when  the  leading 
aircraft  is  at  its  runway  threshold,  Irat  the  separatimi  also  depends  (»i  where  the  trailing 
aircraft  is  when  the  leading  aircraft  is  at  the  intersection.  The  trailing  aircraft  can  be  in  any 
of  the  four  locaticms  at  the  start  (i.e.,  outside  its  outer  marker,  inside  its  outer  marker  but 
decelerating,  outside  its  missed  approach  point  but  flying  at  its  final  approach  speed,  or 
inside  its  missed  approach  point)  end  up  at  any  of  those  four  locations  plus  any  of  the 
locations  inside  of  its  starting  location  (i.e.,  closer  to  the  runway  intersection).  Therefme 
there  are  10  cases  which  have  to  be  ctmsidered. 

the  trailing  aircraft  starts  inside  its  missed  approach  point  and,  obviously,  ends  up  inside 
its  missed  approach  pdnt: 


if(DL-i-S)^MAPr 


8ep=DL+S- 


Mt  xDi 
Ml 


(5) 
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the  trailing  aircraft  starts  outside  it  missed  i4)pioach  point  flying  at  its  final  approach  speed 
and  ends  up  outside  its  missed  approach  point: 


if  MAPt  <(Di,+S)SDPt 
and 

if(DL+S-MAPT)/Fr^DL/Mi.  (6) 

sep=DL+S— 

Ml 

If  the  trailing  aircraft  starts  outside  its  missed  approach  point  flying  at  its  final  approach 
speed  and  ends  up  inside  its  missed  approach  point: 


ifMAPT<(DL+S)SDPT 

and 


if  (Dl+S-MAPtI/Ft  <Dl/Ml 

)l  S~*MAPt 
Ct 


aqi^MAP'f-M-j-x 


I  Ml 


(7) 


If  the  trailing  aircraft  starts  inside  its  outer  marker  and  is  decelerating  and  ends  up  inside  its 
outer  marker  and  is  decelerating: 


ifDpT<(DL+S)SOMT 

and 

Pr-VGT^->>2xAx(OMT-(DL-f  S))  ^ 


M, 


(8) 


aep=DL+S- 


''  _  ,  ^2'' 

VGt*  +  2  X  a  X  (OMt  -(Dl  +  S)  a  J 


If  die  trailing  aircraft  starts  inside  its  outer  marker  and  is  decelerating  and  ends  up  outside  its 
missed  approach  point  at  its  final  approach  speed: 
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<  (Dl+S)  S  OMx 

md 


If  the  trailing  aircraft  starts  inside  its  outer  marker  and  is  decelerating  and  ends  up  inside  its 
missed  approach  point: 


sqp  s  MAP]-  -Mj  X 


Ml 


(10) 


If  the  trailing  aircraft  starts  outside  its  outer  marker  and  ends  up  outside  its  outer  marker: 
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ifOMT  <  (Dl+S) 
and 


(11) 


Di 

scp  =  Dl+S-GtX^ 

Ml 

ff  the  trailing  aircraft  starts  outside  its  outer  maricer  and  ends  up  inside  its  outer  marker  and 
is  still  decelerating: 

tfOMT<  (Dl+S) 
and 


■JDl+S-OMt]  ^  ^ 

V  Gt  J  Ml 


and 


|ffDL-S-OMT|.,,OMT-PPT~|  i  Dl 
Gx 


aep  s  OMt 


( 

V « 

[Dl  Dl  +  S-OMt 

,A  JDl  Dl  +  S-OMt] 

2' 

[Ml  Gt  J 

2  [Ml  Gt  J 

> 

(12) 


If  the  trailing  aircraft  starts  outside  its  outer  marker  and  ends  up  outside  its  missed  approach 
point  and  is  at  its  final  approach  speed: 
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iTOMt  <  (Dl+S) 
and 


and 


fP^^S-OMr  ^^^OMr-1»r]  ^ 

[  Gt  Ft+Gt  J 


and 

if  fPl^S-^JL^axP^I-lFT  ^ 

^  Gj  Ff+Gx  Ff  )  Ml 

^  TDl  Dl+S~OMt  «  QMt-DPt) 
sq>  a  DPr-FrX  — ^ — *‘—- - ^-2x-— «— -— L 

^  ^  1,Ml  Gt  Ft+Gt  J 


(13) 


If  the  trailing  aircraft  starts  outside  its  outer  marker  and  ends  up  inside  its  missed  approach 
point; 


tfOMr  <  (Dl+S) 
and 


if 

and 


fPL*S- 

G 


-OMt' 

'T  > 


rPL+S-OMx  ^  OMt-OTtI  ^  ^ 

[  Gt  Ft+Gt  j  Ml 

and 

fPL+S-OMT  OMt-DFt  ,  PPt-MAPt)  ^ 

[  Gt  Ft+Gt  Ft  j  M 

tep  «  MApT-Mxxf-^-^l*'*'^"^**!' -2x 
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where  sep  is  die  separation  of  the  the  two  aircraft  when  the  leading  aircraft  is  at  the 
intersections.  All  other  variables  are  the  same  as  those  in  section  A.I. 
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APPENDIX  B 


ACCELERATIONS 


One  of  the  significant  factors  of  the  missed  approach  analysis  is  the  acceleration  of  the 
trailing  aircraft.  ^  In  the  previously  devel<^)ed  simulation  of  missed  apprcMches  at  St  Louis 
(Barker,  1992)  the  miss^  approach  of  the  trailer  was  modeled  as  a  multistep  process.  It  is 
the  purpose  of  this  iq)pendix  to  develop  a  simplified  model  based  on  a  single  step  effective 
spe^  increase. 

The  multistep  pitx:ess  model  starts  the  aircraft  at  its  missed  approach  point  This  is  followed 
by  an  intantaneous  acceleration.  For  most  aircraft  this  instantaneous  acceleration  is  on  the 
order  of  10  lets  and  is  due  to  configuration  changes  of  the  aircraft's  control  surfaces  and 
attitude.  Some  aircraft,  such  as  heavies  and  small  general  aviation  aircraft  were  modeled  as 
having  no  instantaneous  acceleration.  The  instantaneous  acceleration  is  followed  by  a 
constuit  qieed  climb  to  1500  feet  at  an  aircraft  dependent  climb  rate.  Upon  reaching  1S(X) 
feet  the  aircraft  is  subjected  to  an  aircraft  dependent  acceleration.  If  at  any  time  during  the 
acceleration  the  aircraft  reaches  250  kts  (the  tmninal  ccmtrol  area  ^ed  limit)  die 
acceleration  is  stopped  and  the  aircraft  continues  at  250  kts. 

The  model  that  is  used  for  this  analysis  as  developed  in  t^ppendix  A  assuntes  that  there  is  a 
single  Step  acceleration  in  order  to  simplify  the  mathematics.  The  single  step  acceleration  is 
expressed  as  a  faeux  increase  in  the  sp^  of  the  aircraft  at  the  point  of  missed  ^proach. 

The  objective,  then,  is  to  relate  a  single  step  acceleration  to  the  multistep  process  described 
above.  This  was  accomplished  by  determining  the  factOT  increase  in  spe^  that  would  place 
the  aircraft  at  the  intersection  in  the  same  length  of  time  as  it  would  take  an  aircraft 
performing  the  multistep  process.  This  single  step  atxeleration  will  yield  equivalent  results 
for  the  case  where  there  is  a  heavy  leader  and  the  time  separation  is  measur^  when  the 
trailing  aitcrafi  crosses  the  intersection.  In  the  case  of  the  non-heavy  leader,  the  separation  is 
measured  when  the  leading  aircraft  reaches  the  intersection  and  therefore  priOT  to  the  time 
that  the  trailing  aircraft  reaches  the  intersectitm.  Since  the  acceleration  is  effectively  taken 
earlier  during  the  single  step  acceleration  model,  the  aircraft  will  be  closer  to  each  other  at 
any  given  time  prim:  to  the  time  that  the  trailing  aircraft  crosses  the  intersection.  This  is 
consistent  with  the  worst  case  philosophy  of  this  analysis. 


1  The  leading  aircraft  is  assumed  to  have  no  acceleration  consistent  with  the  goal  of  a 
worst  case  scenario. 


Table  B-1  shows  an  example  of  accelerating  the  representative  set  of  aircraft  used  in  the 
St  Louis  study  from  the  missed  approach  point  to  the  intersection  which  is  1  nmi  from  the 
runway  threshold  and  computing  the  effective  speed  increase  factor.  Fot  some  aircraft  types, 
several  final  approach  spe^s  (FAS)  were  assumed  because  those  aircraft  might  use  those 
q)eeds  in  various  wind  cmditions.  The  climb  rates  were  taken  from  the  controller’s 
handbotric  (FAA,  1991)  and  the  acceleraticxi  values  were  determined  fnmi  various  sources 
including  the  aircraft  cqjerating  manuals  and  discussions  with  airline  representatives  and 
pilots.  This  particular  example  shows  the  effect  of  missing  at  a  250  foot  decision  height  and 
having  a  threshold-to-intersection  distance  of  1.00  nmi.^ 


Table  B>1.  Example  of  Effective  Speed  Increases 


AC  type 

FAS 

dinb 

ImL  Acc 

Aec2 

HhwioIm 

Mim  Ak. 

Avg.  Speed 

BS.Spd.Iiic. 

(Ku) 

(liMiAmB) 

<kti) 

(kuMiin) 

(ant) 

(fM) 

Ocu) 

Fedor 

A‘nt42 

100 

1100 

10 

23 

1.00 

230.00 

llOJl 

1.103 

A‘ni42 

120 

ISOO 

0 

23 

ino 

230.00 

120.21 

1.002 

ATR42 

120 

laoo 

10 

23 

1.00 

23000 

130.03 

1.084 

B727 

127 

2300 

10 

23 

1.00 

230.00 

137.77 

1.085 

B747 

139 

2300 

0 

50 

li» 

23000 

140.38 

1.010 

B747 

162 

2300 

0 

30 

lOO 

230.00 

I6Z43 

1.003 

B747 

t6S 

2300 

0 

30 

lOO 

230.00 

168.28 

1.002 

8767 

116 

2300 

0 

30 

1.00 

230.00 

119.12 

1.027 

8767 

12S 

2300 

0 

30 

1.00 

230.00 

127.33 

1.019 

8767 

127 

0 

30 

ino 

230.00 

13006 

1.029 

cm 

9S 

630 

0 

23 

1.00 

230.00 

98.00 

cm 

too 

630 

0 

23 

1.00 

230.00 

100.00 

cm 

120 

630 

0 

23 

1.00 

230.00 

12000 

F4 

160 

20 

300 

1.00 

230.00 

197.98 

1037 

P4 

170 

3000 

20 

300 

1.00 

230.00 

205.77 

lOlO 

UOll 

131 

2300 

0 

30 

1.00 

23000 

132.88 

1.014 

LiOll 

140 

2300 

0 

30 

1.00 

23000 

14102 

1.009 

UOll 

142 

2300 

0 

30 

ino 

23000 

14302 

1.009 

LlOll 

ISS 

2300 

0 

30 

IM 

25000 

13303 

1.004 

Lion 

137 

2300 

0 

30 

1.00 

23000 

13748 

ino4 

MOW 

130 

4000 

0 

75 

1.00 

23000 

1.063 

MD80 

146 

4000 

10 

75 

1.00 

230.00 

1.103 

SW2 

140 

2330 

0 

33 

1.00 

230.00 

14003 

1.003 

SW2 

140 

2330 

13 

33 

1.00 

230.00 

13303 

1.109 

2  It  is  further  assumed  that  the  glide  slope  has  the  typical  3  degree  elevation. 
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Results  such  as  those  shown  in  table  B-1  were  determined  for  thrcshold-to-intersecdon 
distances  from  0  to  5  nmi  in  0.5  nmi  increments.  This  calculation  was  then  repeated  for 
mi^ed  approach  altitudes  of  250, 500,  and  700  feet  Then  the  aircraft  with  the  maximum 
percentage  effective  speed  factor  was  chosen  to  represent  each  of  the  three  groups  of  aircraft 
types.  For  instance,  tlw  MD80  with  a  final  approach  speed  of  130  lets  yields  the  maximum 
effective  speed  factor  in  the  "others”  categmy  while  the  B767  with  a  final  approach  speed  of 
1 16  kts  yields  the  maximum  effective  speed  factor  in  the  "heavies"  categmy.  The  use  of  the 
maximum  effective  speed  factor  is  consistent  with  the  worst  case  analysis  philosophy. 

The  results  of  effective  speed  factors  plotted  against  the  thieshold-to-intersection  distances 
are  shown  in  figures  B-l,  B-2,  and  B-3.  Each  oi  these  series  of  points  was  fitted  with  a 
cubic  equation  given  in  tables  B-2,  B-3,  and  B-4,  respectively.  The  effective  speed  factor 
determined  from  these  cubic  equations  were  then  used  as  the  single-step  acceleration  in  the 
rrxxlel. 
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Eflediva  Speed  Factof 


Figure  B-1 .  Effective  Speed  Factors  for  F4s 


Table  B-2.  Curve  Fit  for  F4  Accelerations 


Decision 

Curve  Fit  Equation 

Height 

(x  is  Threshold-to-intersection  Distance) 

250 

1.11 15+0.1494x-0.0201x2+0.0007x3 

500 

1 .2428-K).  1  387x-0.0326x240.0029x3 

700 

1 .350940.0744x-C.01 54x240.001 3x3 
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Effective  Speed  Factor 


Figure  B-2.  Effective  Speed  Factors  for  Heavies 


Table  B«3,  Curve  Fit  for  Heavy  Accelerations 


Decision 

Height 

Curve  Fit  Equation 

(x  is  Thieshold-to-intersection  Distance) 

250 

0.995840.0199x+0.0184x2-0.0021x3 

500 

1  .0293+0.0739x-0.0004x2^,0002x3 

700 

1 .0930+0.a785x-0.0030x240.0001  x3 
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Figure  B-3.  Effective  Speed  Factors  for  Others 


Table  B-4.  Curve  Fit  for  Other  Accelerations 


Decision 

Curve  Fit  Equation 

Height 

(x  is  Threshold-to-intersection  Distance) 

250 

1.1047-0.0098x40.0256x2^.0026x5 

500 

1.1 10340.0604x40.0043x2-0.0006x3 

700 

1 . 1 66440.0635x40.005 1  x2-0.0009x3 
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APPENDK  C 


WORST  CASE  WINDS 


Since  aixcraft  fly  in  an  air  mass  which  itself  may  be  moving,  the  wind  has  a  significant  effect 
on  die  ground  speed  of  an  aircraft.  It  is  the  ground  speed  which  ultimately  determine  the 
time  that  an  aircraft  takes  to  fly  from  its  missed  af^jroach  point  to  the  runway  centerline 
intersection  point.  This  analysis,  therefore,  has  to  consider  the  winds. 

To  judge  the  effects  of  the  wind,  this  analysis  considers  the  worst  case  situation.  In  this  case, 
with  two  aircraft  making  consecutive  mis^  approaches,  die  worst  case  is  where  the  wind 
either  impeds  die  leading  aircraft  or  assists  the  trailing  aircraft  in  getting  to  the  intersection 
of  the  runway  centerlines.  The  slower  the  leading  aircraft  flies  over  the  ground  and  the 
faster  the  trailing  aircraft  flies  over  the  ground,  the  smaller  the  separation  will  be  between 
the  aircraft  at  the  intersection,  all  other  factors  being  equal  (i.e.,  the  initial  stagger  distances, 
final  approach  airqieeds,  etc.). 

Before  determining  what  these  worst  case  winds  are,  one  has  to  lecognire  that  the  DCIA 
operation  will  only  be  conducted  in  certain  wind  conditions.  Aircraft  are  designed  to  land 
into  the  wind  for  reasons  of  approach  stability  and  roll  out  distance.  Therefore,  there  are 
bounding  conditions  on  the  amount  of  headwind,  tailwind  and  crosswind  which  will  be 
tolerated  during  a  landing.  Although  each  airiine  and  each  private  pilot  have  their  own 
particular  guidelines  relating  to  these  tolerances,  die  limits  in  table  C-1  have  been  chosen  for 
this  analysis  as  being  representative  of  current  practices  in  the  system. 


Table  C-1.  Landing  Wind  Limits 


1  Wind  Component 

Limit 

15kts 

Maximum  Tailwind 

5kts 

30kts 

If  one  were  ti>  plot  out  these  conditions  for  a  given  runway  pair,  the  plot  would  look  like  that 
shown  in  figure  C-1.  This  figure  is  appropriate  to  a  pair  of  runways  with  an  included  angle 
between  the  ninwaj^  of  75  degrees.  (TTie  plw  is  drawn  for  a  runway  27  ar.d  a  runway  19.) 
The  rings  on  the  figure  represent  5  kt  wind  speed  increments.  The  azimuthal  position  around 
the  rings  indicates  the  dir^on  from  which  the  wind  is  blowing.  The  two  dark  lines  that 
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Figure  C-l.  Acceptable  Wind  Region  for  Runways  with  75  Degree  Included  Angle 


meet  to  the  left  in  figure  C-1  indicate  the  ctosswind  limits  while  the  other  two  dark  lines 
indicate  the  tailwind  limits.  Any  wind  condition  (i.e.,  wind  speed  and  wind  direction)  within 
the  area  bounded  by  die  dark  lines  will  satisfy  the  conditions  listed  in  table  C-1.  Thv  point 
where  the  two  crosswind  limit  lines  meet  is  the  point  at  which  the  maximum  headwind  to 
both  runways  would  be  experienced.  The  pdunts  where  the  crosswind  and  tailwind  limits 
intersect  are  where  the  maximum  ground  speed  differential  will  be  experienced.  As 
explained  in  section  4,  these  two  points  are  important  in  the  determination  of  the  minimum 
separation  between  the  aircraft  at  the  intersection. 

Befcm  computing  what  the  worst  case  wiiuis  are  for  various  runway  configurations,  let  us 
cmisider  in  more  detail  the  maximum  headwind  and  the  maximum  differential  wind  points. 
Referring  again  to  figure  C-1,  one  notices  that  the  region  within  the  crosswind  and  tailwind 
limits  is  symmetrical  since  the  same  conditions  apply  to  both  runways.  With  a  75  degree 
included  angle,  the  total  wind  limit  of  30  kts  does  nm  come  into  effect.  The  form  of  this 
area  will  be  basically  the  same  for  any  runway  pair  with  an  included  angle  of  greater  than  60 
degrees  and  less  than  or  equal  to  120  degrees.  Figure  C-2  shows  the  acceptable  wind  region 
for  runways  with  an  included  angle  of  less  than  60  degrees  and  greater  than  or  equal  to  30 
degrees.  For  runways  within  this  range  of  included  angles,  the  total  wind  limit  is  evident  as 
die  arc  between  the  two  crosswind  limit  lines. 

The  last  case  to  consider  is  the  set  of  runway  configurations  where  the  included  angle  is 
between  90  degrees  and  120  degrees.  An  example  of  the  acceptable  wind  region  for  such  a 
configuration  is  shown  in  figure  C-3.  In  this  case  the  wind  direction  and  speed  is  the  same 
for  the  maximum  headwind  and  for  the  maximum  differential  wind. 

To  determine  the  wwst  case  winds,  the  comers  of  the  acceptable  wind  regions  were 
computed  for  runway  ccmfigurations  in  the  range  of  inclut^  angles  from  30  degrees  to  120 
degrees.  The  results  of  these  computations  is  shown  in  table  C-2.  The  maximum  differential 
wind  occurs  when  the  included  angle  between  the  runways  is  approximately  110  degrees 
(actually  108.43  degrees).  It  is  at  this  point  that  the  wind  is  directly  into  the  runway  of  the 
leading  aircraft  while  the  maximum  crosswind  and  tailwind  coiKiitions  will  be  applied  to  the 
trailing  aurcraft  The  difference  in  groundspeeds  due  to  the  wind  in  this  case  wodd  be  20.81 
kts  as  shown  in  table  C-2.  The  maximum  headwind  into  the  runway  with  the  leading  aircraft 
would  be  whoi  the  included  angle  between  the  runways  is  at  a  minimum  of  30  degrees.  The 
wind  speed  is  30  kts  directly  into  the  leading  runway  as  shown  in  the  table  C-2.  Although 
the  sp^  differential  in  this  case  would  be  only  4.(^  kts  the  leader  would  be  slowed  by  30 
kts  and  in  some  circumstances  this  minimizes  Ae  separation  between  the  aircraft  at  the 
intersection  even  though  the  trailing  aircraft  is  slowed  by  26  kts. 
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Figure  C-3.  Acceptable  Wind  Region  for  Runways  with  105  Degree  Included  Angle 


TaMe  C*2.  Maximum  Differential  and  Headwinds 
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In  the  analysis  described  in  section  4,  both  the  maximum  differential  wind  conditions  of  the 
1 10  degree  included  angle  case  and  the  maximum  headwind  conditions  of  the  30  degree 
included  angle  case  were  used. 
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APPENDIX  D 


OBSERVATIONS  OF  SEPARATIONS  BEHIND  HEAVY  AIRCRAFT 


In  general  there  are  "two  minute"  and  "five  mile”  Jules  which  govern  the  safe  separation 
between  heavy  aircraft  and  following  aircraft.  One  such  rule  is:  "Takeoff  clearance  to  the 
following  aircraft  ^ould  not  be  issued  until  2  minutes  after  the  heavy  jet  begins  takeoff 
roll."  (FAA,  1991,  Paragraph  3*108c).  Because  of  the  possible  asymmetry  of  the  runway 
lengths  at  a  given  airpmt  (see  section  2.2),  the  time  separation  at  die  intersection  might  be 
less  than  two  minutes  if  the  heavy  aircraft  is  departing  the  runway  with  the  longer  threshold- 
to-intersection  distaiKe.  The  question  is  how  much  less  can  this  time  separation  safely  be. 

To  answer  this  question  data  was  collected  on  the  time  it  takes  for  aircraft  to  get  to  the 
intersection  of  runways  24  and  30R  at  St  Louis.  Since  it  is  really  the  time  it  takes  for  the 
aircraft  to  accelerate  and  cover  a  specific  distance,  several  of  St  Louis'  runways  could  be 
used  for  these  measurements  and  the  appropriate  distances  marked  corresponding  to  the 
distance  altmg  runway  30R  frcmi  its  threshold  to  the  intersection  of  its  runway  centerline 
with  runway  24  which  is  about  95(X)  feet  The  reason  for  doing  this  was  that  departures  of 
heavies  on  runway  30R  are  rare.  Runways  30L,  12L,  and  12R  at  St.  Louis  were  used  for  this 
data  collection,  llie  results  are  shown  in  table  D*l. 

The  statistics  for  the  heavy  aircraft  accelerating  9500  feet  is  shown  in  table  D'2. 

Fot  the  non-heavy  aircraft  on  runway  24,  the  time  to  intersection  with  30R  statistics  are 
shown  in  table  D-3. 

llie  conclusion  that  one  can  draw  from  these  data  are  that  if  a  heavy  aircraft  were  released  as 
a  departure  on  runway  30R  and  then  120  seconds  later  an  aircraft  is  released  as  a  depamire 
on  runway  24,  then  the  minimum  time  separation  at  the  intersection  could  be  as  low  as 
120^2+12=70  seoMids. 

As  one  can  see  fixxn  table  D-1  that  there  were  no  heavies  departing  fpcnn  runway  30R. 

St.  Louis  perstninel  indicated  that  heavies  very  rarely,  if  at  all,  depan  on  30R.  Runway  30L 
is  preferr^  for  Ireavy  departures  because  it  is  a  longer  runway  and,  because  of  the  threshold 
stagger,  allows  an  operational  advantage  in  the  use  of  the  heavy  separation  rule.  Therefore, 
even  tibou^  the  times  to  the  intersection  iirqrly  that  a  70  second  separaticm  could  occur  at  tire 
24/30R  intersection,  in  fact,  it  is  an  operation  that  is  rarely  used  unless  runway  30L  is  closed. 

This  being  the  case,  further  data  was  collected  at  St.  Louis  to  establish  actual  observed  time 
separations  behind  heavy  aircraft  St  Louis  comnxrnly  uses  the  "S  mile  rule"  which  states 
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Table  D-l.  Times  for  Heavies  to  Accdcrate  9500  feet 


HE!^S!5ES?3HI 

Runway 

1  Lion 

52 

12R 

49 

30L 

Lion 

52 

30L 

Lion 

47 

30L 

Lion 

49 

30L 

Lion 

46 

30L 

52 

SOL 

4S 

SOL 

48 

SOL 

Lion 

58 

12L 

54 

12L 

62 

12L 

B767 

48 

SOL 

B767 

59 

SOL 

B767 

46 

SOL 

B767 

45 

SOL 

B747 

51 

SOL 

B747 

46 

SOL 

DC8 

46 

12L 

DCS 

40 

SOL 

Table  D-2.  Heavy  Aircraft  Hme  to  Intersection  Statistics 


Number  of  aiicraft  observed 

20 

Mean  time  to  "infersecticHi” 

49.9  sec 

Median  time  to  "intersectim” 

48  sec 

Greatest  time  to  "intersection" 

62  sec 

Least  time  to  "intersection” 

40  sec 
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Table  D>3.  Non-Heavy  Aircraft  Time  to  Intersection  Statistics 


Aircraft  Type 

Number 

3 

24 

24-25 

2 

12 

12 

that  "the  minima  in  paragraph  S-72d  may  be  i^}plied  in  lieu  of  the  2  minute  requirement  in 
paragriq)h  3-106f.  When  paragrq>h  5-72d  minima  are  applied,  ensure  that  the  appropriate 
radar  separation  exists  at  or  prior  to  die  time  an  aircraft  b^omes  airborne  when  taking  off 
behind  a  heavy  jet"  (FAA,  1991,  paragraph  3-106e)  Paragraph  S-72d  states  "separate 
aircraft  tolerating  direedy  behind,  or  directly  behind  and  less  than  1,000  feet  below,  or 
following  an  aircraft  conducting  an  instrument  approach  by:  1)  Heavy  behind  heavy  ~  4 
miles,  2)  Small/large  behind  heavy  -  S  miles."  Paragrtqjh  3-106f  states  "separate  nWVFR 
aircraft  taking  off  behind  a  heavy  jet  departure  by  2  minutes  when  departing:  1)  the  same 
runway,  2)  a  parallel  runway  separated  by  less  than  2,500  feet" 

When  departing  heavy  aircraft  die  controllers  will  generally  release  the  next  non-heavy 
aircraft  on  the  same  runway  or  the  parallel  runway  when  die  leading  heavy  aircraft  is  2  miles 
past  the  end  of  the  runway  as  shown  on  the  D-BWTE,  because,  by  the  time  the  non-heavy 
departure  lifts  off  it  will  5  miles  behind  the  leading  heavy  aircraft  This  will,  in  general, 
result  in  a  time  separation  when  both  aircraft  are  airborne  of  less  than  2  minutes  between  the 
aircraft  Therefore,  some  data  was  collected  to  observe  the  time  and  distance  separadmis  of 
non-heavy  aircraft  behind  heavy  aircraft  and  is  summarized  in  table  D-4. 


Table  D-4.  Time  and  Distance  Separations  Behind  Heavy  Departures 


Observatitm 

Number 

Time 

Separation 

(sec) 

Separation  behind  heavy 
when  non-heavy  lift  off 
(nmi,  as  observed  on 
D-BRITE) 

1 

76 

5 

2 

93 

6 

3 

100 

7 

4 

109 

7 

5 

97 

7 

D-3 


On  25  July  1991,  an  LlOl  1  was  observed  to  begin  its  takeoff  roll  on  runway  30L  at  9:24:55, 
become  airborne  and  reach  the  intersection  witii  runway  24  at  9:25:45.  When  the  LlOl  1  was 
two  miles  out  (as  shown  on  the  D-BRITE),  the  local  controller  released  the  next  aircraft  (a 
commercial  non-heavy  jet)  on  runway  3QL  at  9:26:07.  It  became  airborne  and  reached  the 
inttssecticm  with  runway  24  at  9:27:01.  The  intersection  of  runway  30L  and  24  was  taken  as 
a  convenient  measurement  point  where  both  aimaft  would  be  airborne.  The  leading  heavy 
was  5  miles  ahead  of  the  trailing  aircraft  when  the  trailing  aircraft  became  airborne  as 
observed  on  the  D-BRITE.  The  time  separation  behiiwi  the  heavy  aircraft  when  the 
non-heavy  reached  the  intersection  was  76  seconds. 

Four  other  heavy  departures  were  observed  where  the  successive  dqrarture  was  fairiy  close 
behind,  bi  those  cases  there  was  a  93  second  separation  with  a  6  mile  distance  separation,  a 
100  seccmd  tinre  separation  with  a  7  mile  distance  separaticm,  a  109  second  time  separation 
with  a  7  mile  distance  separation,  and  a  97  second  time  separation  with  a  7  mile  distance 
separation. 

Thus,  in  existing  air  traffic  operations  conducted  in  the  current  system  as  per  (FAA,  1991),  a 
trialing  airborne  non-heavy  aircraft  was  observed  to  pass  through  airspace  previously 
occupied  by  an  airborne  heavy  aircraft  within  76  seconds.  This  time  separation  was  used  in 
the  analysis  of  the  safety  of  the  DCIA  procedure. 
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APPENDIX  E 


THEORETICAL  BOUNDS  ON  THE  DIFFERENCE  BETWEEN  THE  ORIGINAL 
MODEL  AND  THE  SECOND  ORDER  MODEL 


The  theoretical  bounds  on  the  difference  between  the  original  model  and  the  second  order 
model  were  determined  as  follows.  Since  the  original  model  and  second  order  model  have 
identical  models  for  leaders,  to  derive  an  upper  btMind  for  the  theoretical  difference  between 
the  separations  computed  by  the  two  models,  it  suffices  to  consider  only  trailers.  This  is 
because  separation  is  the  distance  between  leader  and  trailer  when  the  leader  is  at  the  runway 
centerline  intersection.  The  following  notation,  which  refers  only  to  the  trailer,  will  be  used 
to  derive  the  bound: 

t  a  time  since  trailer  reached  its  missed  approach  point 
T  s  time  for  trailer  to  travel  from  its  missed  approach  point  to  the  intersection 
(same  fOT  both  models) 

d  =  distance  from  the  trailer's  missed  approach  point  to  the  intersection 
xp(t)  s  distance  travelled  beyond  the  miss^  approach  point  at  time  t  as  computed  by 
the  original  model 

X5(t)  =  distance  travelled  beycmd  the  missed  approach  point  at  time  t  as  computed  by 
the  second  order  model 
v  =  final  approach  speed  of  trailer 
V  •  missed  approach  speed  of  trailer  used  in  original  model 
P  s  V/vsratio  of  trailer  missed  approach  speed  to  its  final  approach  speed  in  the 
original  model 

a  s  constant  trailer  acceleration  used  in  missed  ^proach  maneuver  in  the  second 
mder  model 

f(t)  =  XF(t)  -  xs(t)  =  difference  in  position  (and  separation)  computed  by  the  original 
and  second  order  model 

From  elementary  physics, 

xp(t)  *  V  t 
XS(*)  “  vt  +  at2/2 

Since  the  trailer  reaches  the  commtm  point  at  the  same  time  in  both  models, 

d  *  VTand 

d  »  vT  +  aT2/2 
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Substituting  T  »  d  /  V  into  the  last  equation  yields 


d  *vd/V  +  a(d/  V)2  fl  which  yields 

a  -  2V(V.v)/d. 

Hence, 

f(t)  ■  V  i  -  V  t  -  (V  (V-v)  /  d)  t2  .  whose  derivative  is 
f’(t)  =  V-v-2(V/d)(V-v)t 

Equating  f  '(t)  to  0  yields  the  time,  t(n2x>  which  the  difference  in  trailer  distance  travelled 
and,  hence,  separation  computed  by  the  tvm  models  is  maximum: 

tmax  -  d/(2V)=T/2 

Hence,  tfim«  occurs  when  the  original  model's  trailer  is  halfway  between  its  missed  approach 
point  and  the  runway  centerline  intersection,  and  this  is  when  the  orginal  model's  and  second 
order  model's  trailer  speeds  are  the  same.  Since  the  second  order  noodel  trailer  continues  to 
accelerate,  this  is  an  intuitively  appealing  result.  Substituting  tin^x  into  the  expression  for 
f(t)  yields  the  upper  bound  for  the  difference  in  separation  between  the  two  models: 

f(tinax)  *  (V-v)d/(4V)  =  (d/4)(l-l/P) 

So  the  upper  bound  on  separation  difference  between  the  models  is 

B  =  B(d,P)«(d/4)(l-  1/P) 

In  both  models,  P  is  computed  as  a  function  of  the  following  arguments: 

a.  Trailing  aircraft  type:  heavy;  jet  fighter,  other 

b.  Decision  height:  up  to  2S0  ft;  between  250  and  500  ft;  between  500  and  700  ft 

c.  Wind  speed:  wind  that  lesults  in  either  maximum  absolute  slov.ing  of  leader  or 
maximum  slowing  of  leader  relative  to  trailer 

Therefore,  in  principal,  the  upper  bounds  for  the  difference  in  separation  between  the  two 
models  can  be  represented  as  a  set  of  3^  2  »  1 8  functions  of  d  (distance  firenn  trailer's  missed 
approach  point  to  the  intersection)  corresponding  to  the  possible  values  of  P.  Diis  can  be 
Tepresent^  as  a  set  of  18  curves  of  B  versus  <L  However,  heavy  trailers  are  not  used  to 
determine  DOA  procedure  restrictions  and  runway  length  breakpoints.  This  is  because 
heavy  aircraft  accelerate  less  than  jet  fighters  and  other  aircraft,  so  that  the  separations  they 
engender  are  greater  than  those  of  the  other  classes  of  aircraft.  Therefore,  only  12  curves  arc 
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needed  to  show  the  theoretical  bounds  on  the  difference  between  the  separations  generated 
by  the  two  models  in  the  DCIA  analysis. 


These  12  curves  are  presented  in  figures  E-1  through  E-6.  The  graphs  are  labeled  with  the 
upper  bounds  of  the  three  decision  height  classes  (2S0, 500,  and  700  feet);  aircraft  type 
(Other  and  Figh^);  and  wind  (maximum  head  wind  on  the  leader  and  maximum 
differential  wind).  In  using  the  decision  height  values,  it  is  assumed  that  aircraft  fly  a  3 
degree  glideslope.  The  winds  that  result  in  the  maximum  possible  relative  (relative  to 
trailer)  and  absolute  slowing  of  the  lead  aircraft  are  specified  in  tid>le  E-1.  These  are  the 
winds  that  were  used  throughout  the  DCIA  consecutive  missed  tqrproach  analysis. 


Table  E>1.  Winds  Used  for  DCIA  Consecutive  Missed  Apiuoach  AiuUysis 


Case 

RWY  angle 

Wind  Speed 

Tailwind  cm 

Tailwind  on 

(deg) 

(kt) 

Leader  (kt) 

Trailer  (kt) 

Relative  (D) 

110 

15.8 

-15.8 

+5.0 

Absolute  (H) 

30 

30.0 

-30.0 

-26.0 

For  8  specific  cases,  table  E-2  provides  a  detailed  comparison  of  the  differences  in 
separation  conqruted  by  the  two  models  versus  the  themtical  bounds  on  those  differences. 
The  8  cases  are  taken  from  the  analysis  of  the  runway  pair  having  threshold-to-intersection 
distances  of  2600  and  3200  feet  These  cases  ar;  all  the  cases  in  which  the  lead  aircraft  has  a 
nominal  final  qrproach  airspeed  of  80  Imots  and  the  trail  aircraft  passed  its  missed  approach 
point  before  the  lead  aircraft  reached  runway  centerline  intersection.  The  columns  are 
interpreted  as  follows.  The  Threshold-tO'Intersection  columns  give  the  distances  from 
runway  threshold  to  intersection  for  the  approach  paths  of  the  Lead  and  Trail  aircraft.  Final 
Approach  Speed  is  the  nominal  final  approach  air^reed  of  the  trail  aircraft  For  Wind  Type, 
H  denotes  maximum  headwiixl  aixl  D  denotes  maximum  differential  wind  (cf.  table  E-1)^ 
Model  Separation  is  dte  distance  between  the  modeled  lead  and  trail  aircraft  when  the  lead 
aircraft  is  at  the  runway  centerlirw  intersection;  it  is  given  for  both  the  original  and  second 
Older  models.  Diff.  in  Model  Separation  is  the  Observed  difference  between  the  two  nxxlei 
sqrarations  and  the  correqxMiding  theoretical  Bound  on  the  difference.  Note  that  model 


^  In  table  E-1,  H  is  called  the  Absolute  case  and  D  is  called  the  Relative  case. 
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Decision  Height  =  250  Feet  and  Trailing  Aircraft  =  Fighter 


Feet  and  Trailing  Aircraft  =  Other 


Decision  Height  =  500  Feet  and  Trailing  Aircraft  =  Fighter 


Approach  Point  to  Intersection  of  the  Traiiing  Aircraft  (nmi) 


■eet  and  Trailing  Aircraft  =  Fighter 


Table  E-2,  Some  IMfTerences  in  Separation  Distances  for  0ie  Original  and  Second 

Order  Models 


Threshold-to- 

Intersecdon 

(ft) 

Final 

Approach 

Speed 

Wind 

Type 

Model  Separation 
(nmi) 

Diff.  in  Model 
Separation  (ft) 

Observed 
+  Bound 

Lead 

Trail 

(kt) 

(H/D) 

Original 

2nd  Older 

Observe 

d 

Bound 

(%) 

3200 

2600 

ISO 

H 

1.0246 

1.0280 

21 

180 

12 

3200 

2600 

160 

H 

0.8817 

0.9064 

150 

272 

55 

3200 

2600 

160 

D 

1.0175 

1.0228 

32 

229 

14 

3200 

2600 

170 

H 

0.7415 

0.7786 

225 

269 

84 

3200 

2600 

170 

D 

0.9138 

0.9314 

107 

230 

47 

2600 

3200 

160 

H 

1.1068 

1.1151 

50 

316 

16 

2600 

3200 

170 

H 

0.9912 

1.0163 

153 

313 

49 

2600 

3200 

170 

D 

1.1302 

1.1339 

22 

267 

8 

separations  are  given  in  nmi,  and  the  differences  and  corresponding  bounds  are  given  in  feet. 
Finally,  the  ratio  of  the  observed  difference  in  model  separation  to  the  corresponding 
theoretical  bound  is  expressed  in  the  rightmost  column  as  a  percent 
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APPENDIX  F 


ST.  LOUIS  AUTHORIZATION 


This  appendix  contains  the  waiver  that  allowed  St.  Louis  to  conduct  stagger  operations  in 
instrument  meteorological  conditions  during  the  evaluadtm. 
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^  Memorandum 

U.S.  Department 
of  Transportation 

Federal  Aviation 
Administration 


SobjMt  INFORMATION;  Request  for  Waiver  to  Order  7110. 65F,  ou*:  $03  3  igo' 

Paragraph  5-72,  and  paragraph  5-114  for 
St.  Louis,  HO  (STL)  ATCT 

n*ply  ID 

Director,  Air  Traffic  Am.at 

Rules  and  Procedures  Service,  ATP-1 

To:  Manager,  Air  Traffic  Division,  ACE-500 

Thf'  attached  waiver  permits  the  STL  ATCT  to  conduct  dependent  converging 
instrument  approaches  in  accordance  with  the  prescribed  procedures 
contained  in  Waiver  91-25-120. 

The  waiver/authorization  is  effective  September  3,  1991  and  is  valid  for 
2  years.  Request  for  renewal  of  this  waiver  should  be  made  at  least 
120  days  prior  to  its  expiration  date  of  September  2,  1993. 


U. 

L.  Lane  Speck 
Attachment 
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Waiver  91-25-120 
Date;  9/3/91 


FEDERAL  AVIATIOH  ADMINISTRATION 
AIR  TRAFFIC  DIRECTIVES 
WAIVER/ AUTHORI ZATION 


ISSUED  TO: 

Manager,  Air  Traffic  Division,  ACE-500,  for  St.  Louis  Airport 
(STL)  ATCT. 

AFFECTED  DIRECTIVE (8) ; 

Order  7110.65,  Paragraph  5-72. 

Order  7110.65,  Paragraph  5-114. 

QPERATXOM9.  ATOQRIgBP: 

This  waiver  authorizes  the  STL  ATCT: 

1.  To  conduct  dependent  converging  instrument  approaches  (DCIA) 
during  instrument  flight  rules  conditions,  using  the  converging 
runway  display  aid  (CRDA) ,  to  Runways  24  and  30R. 

2.  To  utilize  a  minimvim  of  2NM  lateral  separation  between 
aircraft  established  on  converging  localizers. 

3.  To  utilize  less  than  2NM  separation  between  a  missed  approach 
aircraft  on  either  Runway  3 OR  or  Runway  24  and  an  arrival  on  the 
converging  runway. 

SPECIAL  PROVISIONS.  CONDITIONS.  LIMITATIONS; 

The  following  items  are  required  for  conducting  DCIA: 

1.  2NM  or  more  intrail  spacing  between  a  leading  non-heavy 
aircraft  and  a  trailing  aircraft  on  approach  to  the  converging 
runway  when  the  leading  aircraft  is  at  the  landing  threshold. 

2 .  5NM  or  more  intrail  spacing  between  a  leading  heavy 
aircraft  and  a  trailing  aircraft  on  approach  to  the  converging 
runway  when  the  leading  aircraft  is  at  the  landing  threshold. 

3.  Operating  control  tower. 

4.  Operating  airport  surveillance  radar  (ASR)  and  CRDA. 

5.  Nonintersecting  final  approach  courses. 
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6.  A  facility  directive  specifying,  as  a  ainimum: 

(a)  Each  applicable  runway  configuration. 

(b)  Coordination  requirements. 

(c)  Weather  minima  applicable  to  each  configuration  if 
different  from  published  minima. 

7 .  Direct  communications  capability  between  the  final  approach 
control  position  for  each  converging  runway  and  the  associated 
local  control  position. 

8.  Only  straight~in  approaches  will  be  made. 

9.  Navigational  aids  and  air  traffic  control  frequencies  shall 
be  operating  properly.  Minimum  requirements  are  a  localizer 
operating  on  each  runway. 

10.  Aircraft  shall  be  informed  on  initial  contact  or  as  soon  as 
possible  thereafter  that  dependent  converging  approaches  are  in 
use.  This  information  may  be  provided  through  the  automated 
terminal  infomuation  service  (ATIS) . 

11.  All  single  engine  or  non  turbo  twin  engine  aircraft  shall 
utilize  Runway  24. 

12.  All  heavy  aircraft  shall  utilize  Runway  30R. 

13.  Aircraft  with  final  approach  speeds  greater  than  150  knots 
are  not  authorized  to  participate  in  the  OCIA  procedure. 

REPORTING  RgQUIREMEMTS; 

1.  Record  any  occurrence  of  consecutive  missed  approaches  on  the 
Daily  Record  of  Facility  Operation,  Form  7230.4,  and  submit  a 
brief  summary  to  the  Air  Traffic  Procedures  Division,  ATP-100, 
through  ACE-500,  within  72  hours.  Include  aircraft 
identification,  type,  weather,  reason  for  each  of  the  missed 
approaches,  and  any  other  pertinent  data.  Consecutive  missed 
approaches  are  defined  as  two  missed  approaches  by  aircraft  on 
two  converging  approaches  occurring  within  2  minutes  of  each 
other. 

2.  Notify  ATP-100  within  24  hours  of  any  operational 
error/deviation,  pilot  deviation,  TCAS  resolution  advisory,  or 
near  mid-air  collision  report  involving  the  CRDA. 
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3.  Provide  ATP-lOO  with  a  monthly  report  on  the  number  of 
aircraft  that  utilize  CRDA  under  the  provisions  of  this  waiver. 

This  waiver  is  effective  September  3,  1991  and  is  valid  for 
2  years.  A  request  for  renewal  of  this  waiver  should  be  made  at 
least  120  days  prior  to  the  expiration  date. 


V  L.  Lane  Speck 

Director,  Air  Traffic 

Rules  and  Procedures  Service,  ATP-1 


F-6 


APPENDIX  G 


COMPARISON  OF  FIRST  AND  SECOND  ORDER  MODEL  PROCEDURES  FOR 
DECISION  HEIGHTS  OF  250  FT  OR  LESS 


Table  G-1  in  this  appendix  presents  the  operational  benefits  to  table  5-2  that  result  from 
using  the  second  order  model  rather  than  the  model  described  in  secdcm  3.  The  second  order 
nxxlel  is  described  in  section  4.2.  As  explained  in  section  5.3.2,  table  G-1  also  serves  to 
corroborate  table  5-2.  Section  5.3.2  includes  an  explanation  of  the  requirements  that  were 
imposed  when  applying  the  second  order  model  to  develop  table  G  from  table  5-2. 

All  but  the  rightmost  column  of  table  G-1  is  the  same  as  that  of  table  5-2.  The  rightmost 
column  of  table  G-1  specifies  the  increases  in  '^Longer  distance  from  threshold  to 
intersection”  and  the  weakening  in  the  restrictions  in  table  5-2  that  result  from  using  the 
second  order  model. 


Table  G>1.  Comparison  of  First  and  Second  Order  Model  Procedures 
for  Dedson  Heights  of  250  Feet  or  Less 


Sboiier 
diOaicB  {nm 
duviiiold  <0 
iwefwctiao 

Laager 
diftinoe  fram 
dnoPoidio 
mcftoctMi 

DCIA  Procedure 

Sugser  lifcnA  to  oenvergiiig 
nawayt  utiag  iodicoiiiri  rugger 
diifirr,  witrietioai  noud 

Modifioatjonf  and  Cotnnienu  Bared 
on  Second  Order  Analyrtr 

1 

Up  10 

2600  ft 

up  to 

2600  ft 

♦  None;  lUgf  ralo  b  (2,3) 

None 

2 

Up  to 

2600  ft 

2601  ft  to 
3200  ft 

♦  Do  not  pair  10  kt  or  teu  aiicnft 
leading  arith  160  ki  or  greaier  lircnft 
trailing;  aUgfU  nUa  If  (2,3) 

or 

♦  Ef  cepl  160  kt  or  greaier  aircraft; 

fUnarnUalfaS) 

or 

♦  None:  HMu  role  If  (2J») 

None 

3 

Up  to 

2600  ft 

3201  ft  to 
4300  ft 

♦  Refitici  90  ki  or  Ifts  aiicndt  10 
iwariy  anih  fborter  ihfulHild  to 
itmiafctinn  diiiwcf  mt  do  iwi  piir 

10  kt  or  leu  aifciaA  laadbig  with  160 
kl  or  giriuar  ancTift  Iniling:  UV**’ 
"*•••0,5) 
ar 

All  niiei  ocnfiimed.  Rule  S  can  be 
weakened: 
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•  Rmrici  K  ki  Of  le««  airenA  to 
tmmty  widi  Aowor  ikioAoirf  lo 


•  KMtnct  to  B  or  MM  aacnR  lo 


90  ki  or  loM  atMMft  iMiMg  orMi  ICO 

Ii —  intif  —  itn — *1  iiiilit-  TTmrr 

ndtiiAf) 

or 

•  ftoMriei  to  Is  or  loM  oiicnA  10 


•  Do  Ml  pair  to  kt  or  w«  oircf^t 
iaadngwilk  ICO  kt  or  malar  aiiaift 
niUng:  aHMT  iMla  la  (2J4) 


#  Do  Ml  pair  90  kl  or  lau  ancnft 
laadiDg  oa  naiway  with  loom 
dmibold  to  aMnaGMa  diiMooB  wiifa 
ICO  kl  or  m**of  ovciaft  niling  on 
nw«»y  wiili  ihoriar  thieiboid  to 
aMmecuoa  dinaoce;  Magfr  rala  if 

05^ 


4501  ft  to 
S9aOft 


•  Ramict  90kt  or  laaa  aiicfaft  to 
nmway  wkk  thenar  dtredaoid  to 
iWemctioB  diatMioe  aad  do  not  pair 
100  kl  or  leu  airciaft  iaadim  with  ICO 
kl  or  m**Br  aircraft  inilini;  Manor 
rala  if  OS) 

or 

•  Reitikl  90  kl  or  lau  aircraft  to 
nanray  wnh  rbonarthroahoid  to 
kaerieciiow  dinnw  aad  axocpi  ICO 
kl  or  grafter  aircraft;  Miner  rate  If 
05) 

or 

•  Reanki  100  kl  or  ku  anciaft  to 
ranway  arilh  Mtorlar  IhraMtold  to 
inifnaction  ditianca  aad  do  aot  pair 
10  ks  or  lau  aiiaall  iaadiag  anth  ICO 
kl  or  gifiMrr  airenft  uailatg:  Magpr 

rate  if  OS) 

ar 

•  Reatiict  90  kl  or  ifff  airctiA  to 
lunray  rriili  MtonardnaMwId  10 


•  RMtict  so  fa  or  IcM  lirenlt  to 
lOBwiy  with  AoMor  AimImM  to 
■Monrciion  dirt— c«  Mfa  A»aotpoif 
SOfaorloMMcnMooSiacwidi  160 
faorgiMHraiRnAiiiiliat;  MH*'’ 
i«ltii(2J4> 


•  Do  not  pur  so  fa  or  Imi  uictift 
leodiag  with  I60faorgiMiBrairciart 

tnilfac  faiiMv  nfa  ii  (33) 


•  RMna  10  fa  or  fan  ancnA  10 
naiway  with  faoitor  dumAoM  ID 
iMBfwccion  dtUMCK  rvit  li 


SMlftio  ♦RflWia  KPfaorloMiiiHfalto 

7300(1  ranwoy  wiihiliartcrthrNiwfato 

intewecrioB  ditunoo  tMd  do  not  poar 
llOfaorleuiifefifilaadiiigwilh  160 
faorgiBaiBraircimlltniliDg:  Matfit 
rakiiCU) 


All  nioi  coniiimed.  Role  6  can  be 
weakened: 


•  Raatria  lOOfaorlaaaeiicaaAto 
ranway  enih  dioner  dtreaMd  to 
inaMaectioa  diwance  mi  except  160 
fa  or  greater  airaaft;  ataaer  rnlc  li 
(33) 


•  Reairict  1 10  fa  or  teat  aitcndt  to 
laanray  with  thoiier  dneafaold  to 
aiteraediow  diatawoe  aad  do  not  pair 
SOfaorleaaaiiaaftleadiiigwiih  160 
fa  or  greater  aireraft  nailing:  faaggir 
*1^011(23) 


9Reftriei  lOOtaorlaiaaitcifalto 
lonway  with  ahoder  dneaboid  to 
imeriecdan  diaianoe;  alaaar  r«le  la 
C3J3) 


•  Reabict  90  fa  or  leaa  attcnft  lo 
ranway  widi  dioitarthieahoid  to 
iMeraeoion  diaunoe  trad  do  itot  pair 
100  fa  or  leat  aircraft  leading  with  160 
fa  or  gtcaaar  airanft  trailaig:  faaggar 
i«laia(ZJ3) 


•  Raatrict  90  fa  or  leaa  aiicraft  to 
raneray  erith  diener  thraahold  to 
hHeraectian  diaMnoe;  afaaar  rale  la 

(33) 


•  Do  not  pair  90  fa  or  leaa  aircraft 
leading  iriih  160  fa  or  greater  aircraft 
trailing  and  reatrkt  so  fa  or  leaa 
aireraft  to  traieray  widi  ahoiaer 

rnlcla 


7501  ft  lo 
9700ft 


9701  ft  10 
10600ft 


CRcnia  llOkxorloMairciiAto 
namay  wiik  AsmrftiMftaM  10 

^ifWHKnAc-H-nrioii 

#RaMrici  lOOklorlHtiiRnAto 
iMwqr  «idi  ihomr  ftMMftatd  lo 

fci  or  gnMar  Mtcmft;  Mgiar  rale  to 

054) 

•  Roiiria  90  kt  or  ion  aacnA  to 


ki  or  gmtor  oirenft;  toaator  rate  to 

OS) 


teReflfici  llOki  or  ton  oiicitol  to 
naraay  rnth  ahotiorthmlioid  to 
■BicmctioedtouaQeaatoeioaFi  160 
kt  or  pooler  oiicnft;  toaggar  rate  to 
06) 
or 

•  Reitiici  IlOktortonaiicnAio 
fiaiway  with  ihorterOnotoMld  to 
ioieraectiaa  dieiaioe;  itogpor  rteo 
054) 


•  Rotortot  100  kt  or  ton  anciWk  lo 
iwray  oridi  toniicr  thretoMid  10 


4Raelrict  ITOktortonahcnAto 
fomray  widi  toioner  dnotoiold  to 
tentieciiori  dtonooe  aad  eeoepi  160 
ki  or  paanr  aiiaaft;  iiaMarrate  to 
OS) 
or 

4Retorin  100ktortonaiicr41to 
noway  oddi  dMnerdmdMid  10 
aOaiHLtiuii  doMoee  aod  aioiit  160 
kt  or  paaiar  aifcnft;  ateator  rote  to 
OS4) 


•  RaMrici90ka 
noway  wUidn 


teorpratofairenft; 

CVS) 


aacapi  160 

■irrateto 


All  nitoi  oaaftnned.  Ruin  3  and  5 
cm  be  weakonod: 


9  ReabKt  90  kt  or  ton  aircraft  to 
noway  with  thoner  thmboid  to 
toeeraaeboa  diitaner  aad  do  not  pair 
lOOklortonaiicrafttoadiiigwith  160 
kl  or  peeler  aircraft  tiailinp  ite||fr 
ratetoOS) 


9  Reeirici  100  ki  or  ton  airuaft  to 
naway  with  ihoner  ihieaboid  to 
■Menectioo  dutaaoc  aad  do  not  pair 
1 10  kt  or  ton  aircraft  toadint  cai 
naway  with  toager  thmhoid  to 
aaamnioB  dietence  with  160kior 
paanr  aacraft  tiailiag  on  luoway 
widi  teoner  thieihold  to  iiaeriection 
diniBse;  aiaaar  rale  to  a-54) 


The  toager  threehold-to-mtenection 
di«iac«eiieDdiiol2500ft.  With 
diie  iameeed  diatancs,  rule  1  ftill 
tooldt.  iidce  2  aad  3  toil,  aid  rntof  4 
aad  5  nail  be  npfaoed: 
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#  Reithct  no  kt  or  leu  eifcrrft  lo 
lunmiy  with  ihaner  diicthold  lo 
inieneclioii  diriioe;  MaBtr  mic  it 
(2J4) 


C  Rstlhct  100  kx  or  leu  aiicnft  u> 
(UBwey  wNh  thoftertiiflMkoM  lo 
iatenection  ditunce;  ttaggu’  role  li 

OO 


•  Refliict  ilOtaorleuaiiciiAto 
ruBwey  with  Aorter  Aieriwld  lo 
iniBtwrtinB  AMoca  Mri  tietfi  160 
ki  or  (nuer  eircnfi;  MAi«r  rale  to 
OJ4) 

er 

ARuthci  llOkiorietttiicndtio 
railway  wkh  Aoiler  ihteaboid  lo 
Menection  dimnce;  iMMer  rote  to 

•r 

•  Rerttia  100  ki  or  lew  eircrA  u> 
ranwty  whh  rhoKer  duetoioM  to 
nienectian  dniMice  mA  exoe{<  160 
ki  or  greaur  aircraft;  flayer  nde  to 

OS) 

ar 

•  Reatrict  120  b  or  leu  aircraft  lo 
ranway  wiili  ihaiier  ihieaMd  lo 
■ateneciion  dinanoe;  aiaMer  rale  to 
05,6) 

or 

•  Rennet  llOboriauaiiartlo 
ranway  with  ahonar  AreabeM  lo 


•  Reniia  liOtaorieuaifcnftio 
raaoray  with  Aorler  tbreaboU  to 
aweraartinii  dinnica  and  eaeepi  160 


•  Renria  1 10  b  or  ku  aircraft 
leading  to  ranway  edih  ihoner 
thraatoold  to  muneaiaa  dinance  and 
do  not  pair  120  ta  or  leu  aircraft 
toadaag  on  ranaray  widi  longer 
daaatoold  lo  intaraectioii  dtotaaoe  with 
160  b  or  graaier  aircraft  trailing  on 
ranway  nrah  ihoner  dmahold  lo 
naariertirai  dinanir;  atagyar  rule  to 
OJW 

•  Realiia  100  b  or  leu  aiicraft  lo 
ranway  with  ihoner  dHethold  to 
jnairaeitinn  dinance  and  do  not  pair 
1 10  b  or  leu  aircraft  leadiag  on 
naway  wiA  longer  dueabold  to 

grauer  anoaft  Daiiiag  on  ranway 
with  Aonar  ihraAoid  lo  inaeneciion 

ralela 


Sepetieded  by  leviaed  boa  7 


Up  10 
2600  ft 


12201  ft  lo 
13900  ft 


None 


13901  ft  lo 
17600  ft 


17601  ft  10 
19700  ft 


#  Rawia  120  ki  or  Ibm  atfcnft  to 


•  RoMria  130ki«r 


No  oiuaiiiaa  of  die  loBger  Unetlioid- 
to-Mmectian  diAanoe  foand. 


•  n  b  or  loH  eiMRft; 

abtivnIoiiaS) 


orieMMicnft: 


inoiAtlOb 

ii* *H«(2;S) 


‘nwloo^ 

diMaeoK 

oanfiimed. 


10  4500  with  «U  rale* 


•  Do  iM  pair  90  b  or  leu  eifcnft 
leodiat  wtik  160  b  or  pooler  aircnft 
aoiiiat  oai  oecip  B  b  or  loM 
liiaoft:  «a0V  nb  lo  (24) 

•  RcAfici  to  b  or  left  airmA  10 
namay  wiili  rimterdimhoid  10 
oMeioectiaB  ditttMGe:  atOMar  ndo  li 
(144) 

or 

•  Do  im  pair  to  b  or  Iota  aifcndt 
kadiaB  with  I60bor|ieaierarGnA 

naiiiBg;  atOHtr  rob  b  (244) 


14  2601  ft  to 

3400ft 


4001  ftio 
SWOft 


•  None:  A— rnriab 


•  Reantet  90  b  or  baa  aircnA  to 
lOBwojr  oriih  aborter  dHoafcold  to 

lOOborbtaaireraftiaadiag  with  160 
b  or  pooler  airab)  naiiint  aad 
aaoapi  to  b  or  baa  airciaft:  atoBor 

i»bb(24) 

or 

•  Reatrict  90  b  or  baa  aircnA  to 
looway  widi  ahonar  bnahoM  to 

or  bM  biaaft  aad  eicapt  160  ta  or 

potiar  aiiaaft;  ataMto  rob  b  (24) 


The  bofor  dwcahoM-lo-aitefiectioo 
diManoe  cxtcndt  to  S900  with  alt  ralei 
oonfiimed. 


#  Reatrict  90  b  or  baa  ancrbt  to 
fiwoy  with  iheworthiobwid  to 


#  Ramiei  10  kt  or  ku  atietaft  to 
nanny  with  AoMr  dnoAoM  to 
inwmctiaa  ttwnan  Mi  do  not  poir 

90ktarlo«aiicnftlMdiai*iOi  t<0 
rakkitUA 


•  Rettia  to  kt  or  kM  oacnii  to 


#  Do  not  pair  to  kt  or  k«  airenrft 
kadiag  with  IdOktor  iiMiBr  liicikt 


•Rcatriei  lOOktcrkmmeaAto 
raaway  with  Aonar  thmboM  to 

or  kn  kicnft  Md  exoipi  160  kt  or 
floater  aiicfift:  Mfsv  i«k  k  (3A 


The  kafer  thaabold-tO'inieiieciian 
diMBoe  eumdf  lo  7600  with  ell  lukx 
coafianod. 


•  Rewiiet  lOOktorkuoaoklto 
nanny  with  Aonar  diMhold  to 
aaemction  diatfr:  kaaar  wk  k 

or 

•  Reetiict  90  kt  or  kw  aiiaah  to 
nanny  with  ihaitor  ihrMboU  to 
jatereoctioa  dwtawT  and  do  not  pair 
100  kt  or  kw  aircraft  kadhig  wiA  160 
kt  or  fieater  aircraft  uailiBg;  atanor 
lakkOS^) 

or 

•  Rewkt  90  kt  or  kf«  aircraft  to 
nanray  with  AoMorteaihaid  to 
jaaiiaactiuii  dinwiar;  ilaMarnriab 
05) 

or 

•  Rewict  to  kt  or  lew  aactaft  to 
nanny  ariib  ahonar  thieahoM  to 
anaraaetioa  djataatcr  aad  do  noi  pair 
90  kt  or  kaa  aiictaft  kadaif  with  160 
kt  or  gieaiar  aircraft  trailkf;  akBar 
rakk 


•  Reaiiict  llOktorkaaaiacraAto 
laaway  wab  ahonar  daoahoid  10 
■MfWCtiOQ  ^iT»TtfT  80  kl 

orlBuiiicnftMieioqii  ItOkior 
fieater  aacraft;  kOB*' iwid  i*  (23) 


•  Raatiict  lOOktor 


The  kafer  ihreifaoid-to-iataraeciioe 
diaUiMe  eneada  to  9t00  with  d  ralea 
oopfinnad.  Rulea  4  aad  5  on  be 


intaraariinn  diawiwi  aad  aaoopi  160 
kt  or  fraokr  airnaft:  atoBV  rak  k 

(2J3) 


•  Remia  90  kx  or  lew  *00111  lo 
noway  wah  riMourdUMhoM  to 
iHanaciioa  dMUoee  Hi  auepi  160 
kt  or  (tMitr  aiRnft;  naaio  f«l*  ii 
05) 


•  Ranria  110  ki  or 


•  Rwiiei  lOOtaorlBMaifOiAio 
nowqi  with  dmlar  dueiwM  to 
ioiMmtiioii  ditiaoea;  nasar  rate  la 

06) 


•  Raitrict  IJOtaorteMaaotekto 
Ranvay  mti  iioitar  terainli  to 
ioianactiao  iuunea  Hi  axcepi  80  kt 
or  tew  airenft  aMl  easipi  160  ta  or 

rial*  la  09 


•  Rawiict  100  kt  or  leu  airenft 
I  to  noway  ariifa  iharier 

r  110  kx  or  liM  aircraft 
I M  lODway  with  ioofcr 

160  ki  or  gnaier  aitciaft  Baiting  on 
nanray  aM  itoiter  iocaboid  to 

n  kx  or  Ian  Hoaft  laaitei  wftfa  160 
kt  or  gnaiar  aircraft  trailing:  itaggor 
rate  la  05.6) 

•  Raatria90ki  or  leu  lircnit  to 
iBoway  witk  imierihreiboid  to 
iotaneciteodiWHfTaoidonotpair 
100  kt  or  Ian  aircaaft  leading  on 
tHway  wiii  loogor  ttoeabold  to 
ntanaetteo  dioaonr  aridi  160  kt  or 
gnanr  aociaft  trailing  on  noway 
with  Aower  ihnihold  to  inenecticn 

•rate  la  0.6) 


The  loogu  dmabolil-io-iBienection 
diitance  eniaair  to  12600  with  rale  1 
oonfinned-  For  ihii  exleoded 
diltinrr.  rain  2  aid  3  (ail,  bat  ralet  4 
and  S  cm  be  weakened; 


•  Reacfici  llOktortonMnatiftio 
rtnway  wok  Aaner  diniboid  to 
islBntGlMRl  ^SltMOS  SMI  1^ 

kt  or  graater  aitenft;  liaggar  rate  la 
05.5) 


•  Reatria  100  kt  or  ten  aircnA  to 
^gnuuaiiuift.-a-ratete 


SReatrict  llOlBorlenaiRialkto 


noway  with  ihoiiaritnAoii  n 

tOktorimaitciaAlaidiagarite  160 
ki  or  gnatar  aiicnft  tnilng;  Htnir 

rate  kt  (154) 


•  Raaowt  110  kx  or  leu  aircaaft  to 
inraay  with  dtorter  dtmfaidd  to 
naaraanteo  ihaaMe  Hi  do  not  {Mur 
120  kt  or  Ian  aocraft  leading  on 
naiway  with  loager  thraabold  to 

gnanr  aoenft  tta^ng  oe  taatway 
wUi  iioinr  thnrbold  to  iateraeetion 
iiaiaaoe  ooi  do  aoi  pair  80  kt  or  leu 
airenft  leading  with  160hxorgnater 
aircraft  aailiBg:  ataggar  rate  la  (154) 
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•  ReAriei  1 10  ki  or  hM  aiRnft  lo 
lonway  with  ihoiur  AimIhM  to 
intwieaioti  di— iob;  into  li 

04) 


2601  ftto 
3400  ft 


12101010 
13900  ft 


•  Reiiria  120  ki  or  Iom  oiiu^  lo 
miwiy  with  riKHUr  dmdbeld  to 
■Btsneeiioa  diriMoe  Ml  do  Ml  poir 
WkiorlouaiRnltlMdiag  wMi  160 
kt  or  fioaior  aiienft  tnilait;  MMpr 
MltiiaS4) 


•  Roniet  llOkiorkttiiiGiiftto 
(noway  wiik  ihaiter  dimhokl  to 
nmcnoB  -  «  -Ml«li 


2601  ft  to 
34000 


3401  ftto 
4400ft 


1390' ftto 
17800ft 


•  Rduia  llOkiorleuaiiaiftto 
nmway  with  riMftar  liiinaiMiM  to 
iMBTICCtioil  dittBlOBflMtf  f 
kt  or  gmnnr  lircnft;  Mmh’  rnio  ft 


•  Exoqa  80  kt  or  Ian  aiioaft  awd  do 
not  pair  90  kt  or  leu  aociaft  leodbif 
with  160  kt  or  greater  aircraft  tiailing; 

alaBwn)ato(24) 


•  Eacapt  80  kt  or  laat  aircraft  nd 
ooept  160kiorgiBaurairciaft; 
alanvinlaliaS) 


3401  ftto 
4400  ft 


4401  ftto 
3800  ft 


•  RoHrict  100  kt  or  ku  aircraft  to 
lunway  wiifcihaiterihicdioldio 
iaaanwcliaa  itiwantr  and  do  not  pair 
1 10  kt  or  laaa  aircraft  leading  OB 
innway  with  longer  dueahoid  to 
aKawadioB djitnnrr  with  IdOkior 
graaiar  aaeiaft  trailiat  OB  iBBway 
wM  AoHar  Ihnafeold  to  MBiaectioB 


The  longar  dnaatMid-te-iaaeneenoo 
dinance  eiionda  to  14100.  For  ihii 
awandad  dioiBce,  both  mica  can  be 


•  Raaoiel  120  kt  or  laaa  aiictaft  to 
iMway  wih  dmter  thiaahoid  to 

80  la  or  laaa  aircnft  leading  with  160 
to  or  graaiar  aiictaft  trailing;  *aiT 
i«lala(254) 

•  Raairict  100  to  or  leu  aircnft  to 
iWBway  with  ihoiicr  ihieahoid  to 
awananinB  dinancc  aato  do  not  pair 
1 10  to  or  law  anciaft  leading  on 
innway  whh  longer  dueahoid  to 
toMMcboB  diwanrr  with  160  kt  or 
graaiar  aucnft  trailing  on  innway 
with  ftwnerihinahoidto  iHenection 

rule  la 


•  Do  not  pair  V  kt  or  hni  awcrift 
laadhtg  wM  160  to  or  gnaiar  aiicitot 
ttnilaif;  Mnnr  mte  to  (2J,$> 

or 

rtilcii 


•  Reaiiia  llOtoorienaireiiftio 
(noway  with  dionordifadtold  to 

lOOktorlauanoaftlaadtogwidi  160 
to  or  pniaar  aircaiA  trailing  and 
eieept  90  kt  or  kni  aircraft;  itoggar 

nOelaOUS) 


The  loiM^  thieahoid-io-Biietiectian 
diMBce  eurnik  to  7400.  Forthii 
ntandad djatanoa, inloi  land 2 are 
confnnMd;  mle  3  hilt;  and  aifoitger 
naiiiaH  of  ralei  4, 5. 6,  and  7  are 


•  Eieapt  90  kt  or  iHf  «mft  do 
ao(  piir  1 10  kt  M  liM  MrcnJl  iMdbK 
widi  IdOktorvMMraiicnftinulinc 

MM*  rate  It  05) 

•r 

•  Eicapi  90  kt  or  low  Micnft  nd 
oicBpi  IdOktortnaiartircnA: 
«Wmltli05) 


•  Reaiia  90  kt  or  loM  oiienA  to 
mwajr  wkh  dMMoritoMkold  to 

aOktorUHoitenftlMdiai  wtih  ICO 
kiori 

»^iiOI4) 


•  Renia  10  kt  or  Ion  oiienA  to 
iMWwy  tokh  dwrior  daodiDld  to 

90ktariMiomMftieodiiigtoiik  ICO 
kt  or  gMoier  aifcnft  tiaiiiRg;  ilantr 


C  Raaria  10  ki  or  low  ancnA  to 
lonwojr  widi  rfaorttr  dmrkoM  to 
■toneoiaa  diHwioe;  ftoMw  nit  li 


AS) 


•  IU«na90ki  or  lew  oifciift  to 
Roiwoy  with  fhoner  duerhold  to 
ioteneciiaa  dineoce  aad  do  oM  poir 
10  kt  or  low  eifciaft  loadiaf  with  ICO 
ki  or  ffootor  eitcfift  tniliog  Old  do 
■etporr  lOOktorlowaifcnftleadiiig 
€■  nwwop  widi  lofifor  thndnid  to 
merwciiaa  dimncr  with  ICO  kt  or 
■Nowr  eiKnli  tnilm(  oo  naiwoy 
with  dtoiwr  thndtold  to  iiaeieeetian 
diftonoe;  mnw  lalo  to  (2.54) 

•  Rowrict  90  kt  or  lew  anciiA  to 
iwiwoy  with  ihener  thtahoid  to 
towfiortinB  diatre  ead  do  not  par 
nktorleweiicnftleediiK  with  ICO 
ta  or  pooler  eiiamft  tiailiBf  ead  do 
aotpoir  lOOktorlewaiiaaftleediiig 
oa  itanroy  with  looter  thieehold  to 
ioMnecaoa  diaeooe  wkh  ICOkior 
gtower  linaeft  tnilint  on  norway 
with  dwrter  thrwhold  to  ietenectioo 

diaoMe;  ilinw  rale  to  (244) 

9  Reaiia  SO  ki  or  tow  eitcndt  to 
lOBway  wkh  dtoiierdiiotoioid  to 
iwtoieectioii  diaenoe  oad  do  not  pair 
90  kt  or  tow  aircraft  leadint  oo 
iwiway  with  toafer  thieehold  to 
aaerwclioa  diaaicr  with  ICO  kt  or 


•  Oo  not  pair  SO  kt  or  law  aiieiaft 
(with  ICO  kt  or  iiaaiar  aiieiaft 

riatoto(3A 


•  Rearia  100  kt  or  tow  aaeiWk  to 
laaway  wkh  Aonar  towAoU  to 
iBMnaoiiea  dtotoaea  ad  aaoapt  90  kt 
or  lew  aiicnft  oad  eioept  ICO  kt  or 

rialetoa4) 


gnaaer  ainaaft  tnilint  ea  naiway 
with  ehonerthRahold  to  iattnectioii 

diaanoe;  attHar  rote  to  04) 

#  Ratofict  SO  kt  or  tow  aiieiaft  to 
nararay  arkh  riiaiterdiieibold  to 
ananacboo  diaancr  and  do  not  pair 
90  kt  or  tow  airenft  toading  on 
r  widi  lenfar  thnahold  to 
aanoe  wkh  ICO  kt  or 
r  aiienft  tiailiat  on  innway 
wkh  dmaar  thnahold  to  itaatioGtian 
dieMwea:  ilnMarrwlatoQ4) _ 


SafKiaedad  by  eateneion  ^  box  21 
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•  Rafiria  100  ki  or  Ion  oiRnA  to 
lOBtrcy  Willi  thoiUriiuorlMld  to 
mMnoftinM  iliminw  imd  do  not  poir 
•OktorlouaaaiitlMdiat  widi  160 
kt  or  fnoHraifenft  iiailag:  nncr 
ndi  10054) 

or 

•  RoiUia  90  kt  or  low  airaraft  10 
wBwoy  wodi  dwnonkmfciiU  lo 

lOOktorlanaifcciftloodni  wiib  160 
kt  or  gtoMor  URfolt  miliat:  iHa«r 

nit  ii  054) 

or 

•  Romm  90  kt  or  Ion  tiiciiA  10 
mowoy  wkk  manor  miomoM  lo 
iMonocttoa  dinmoe;  msor  rwic  lo 
(34) 

or 

•  Rofiriet  to  ki  or  loot  oiieioft  lo 
imwoy  with  monor  ilmmold  to 
tmrioaiow  dinmce  aad  do  im  poir 
90kiarlettoifcr»ft|eadiii|wiili  160 
kt  or  fRom  aircraft  tiiilinc  I 


3401  ftiD 

7401  ft  to 

•  Rtmict  llOktorloatairaiAto 

The  lanfttr  dmahoid-lo-iBiarteciian 

4400  ft 

9600ft 

nwwoy  with  manor  duoaheid  10 

dinaoMoatatidatoPlOO-  Fordiia 

■aaiaoftion  dirianco  and  oitcapt  90  ki 

exianded  diatance.  all  lulea  are 

or  lew  airoaft  ad  esoopi  160  kt  or 

cooftimad.  tm  niiea  4  and  5  can  be 

gicaier  aircraft;  iladiinr  mic  lo  (24) 

or 

•  Remia  KXIkiorlaMtMcraAio 
naiway  rritli  ihonarduomoldio 
oMorteciion  diaaMo  ad  oeqpt  to  kt 
or  loM  aifaaft  and  eaeopt  160  kt  or 

IROKrtirciaft;  alon*  ■*)*  (•(2<54) 

or 

•  Reaiiia  90  kt  or  leu  aifcnft  lo 

lelaxod: 

laway  with  alianardiieaMd  to 
■Mmeoion  dinance  and  ucopi  160 
ki  or  groonr  aircraft;  atoaor  nio  lo 
(34) 

or 

•  Ramie:  I(X>  kt  or  lata  aiicrm  10 

•  Romict  100  kt  or  Iota  airenft  to 

ronway  wim  abonor  dHomoid  10 

laway  wUi  ahotterduealiald  to 

■Martino  diwiee  and  oiomt  M  kt 

■Mraoctioo  diatanoe  and  except  80  kt 

or  loaa  aircraft  ad  do  net  pair  110  kt 

or  Ian  aircraft  and  do  not  pair  1 10  kt 

or  lou  aaratf  loodind  **11 160ktor 

or  Ian  mnnA  leodiag  on  nmwxy  widi 

poaaar  airetaft  traiiiaf:  maaor  rolo 

loa|or  mieaheld  to  inieraectiea 

11054) 

diatanoe  with  160  kt  or  iitiaitir  aircraft 

or 

tniliod  on  laway  wim  abortar 

aianor  ndo  lo  054) 
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3401  ftio 
4400  ft 


3401  ftio 
4400h 


9601  ftio 
IZiOOft 


12201  ft  to 
13900ft 


•  ReMrici  90  Is  or  kst  aifciiA  10 
WBoroy  with  ilwBt  iftflwld  to 

lOOktorlMiafcnftiMdiatwiih  160 
ki  or  fiMMr  aiKnft  tniliai:  SHMST 


tt  RofOia  120  ki  or  Ihi  oiwnft  to 
iiaiway  wMt  (hoAorthMohaM  to 

or  leu  iifcnft  Mi  natpt  160  kt  or 
(naur  eiicnft;  II4HV  nii  !•  AS) 


•  Reutki  llOktorlauaiRnikio 
nnwey  wtth  dioner  iftfceiiali  10 
■Miactioa  diMooe  Mi  csccp  80  kt 
or  leu  eiicnft  Mi  euc|i  160  kt  or 
CMUu  eifuaft:  lUBU’ nle  le  AS4) 
or 

•  Retiria  lOOktorleueiicnAio 
raowey  «iili  iiotter  iuMboM  10 
imerieaioii  diMaee  Mi  except  160 
ki  or  greuu  eiiciafl;  Aenernie  Is 

AS) 

or 

•  ResDici  120ktorleueiiGnftU> 

thoner  ifaiciboli  to 
intefieciioii  diitenor  eul  except  80  kt 
or  leu  eiioaft  aai  do  not  pair  90  kt  or 
ku  aiicnft  Icadkif  wiili  160  ki  or 
■teattr  aiicryt  tiaiUnf:  sleMar  nile 

iiAS4) 

or 

•  Restrict  1 10  kt  or  kai  aircraft  to 
rwway  with  ahortor  dueaboid  to 
■Hersecuori  dutance  SBi  do  HU  pair 
80  kt  or  leu  aircraft  leediat  with  160 
ki  or  (rcaur  aircraft  trailini;  i 
i«lelaA6) 


•  Rouria  120  kt  or  leu  aircraft  to 
roBway  wUi  ahortor  tbrsabeM  to 

or  lau  aircnft  aai  oxeapi  160  kt  or 
'laleiBASS) 


•  Restrict  90  kt  or  kaa  aircraft  to 
runray  irilh  shorter  threshold  to 
jMirsersioii  distance  Md  do  not  pair 
100  kt  or  lau  aiioaft  leadmg  on 
iMiray  with  longer  thicshold  to 

idistanee  with  I60ktor 
r  aircraft  trailing  on  natway 
wkb  ftwnu  threshold  to  intetsecxian 
»««A6) 


The  longer  threshold-to-aueiaeetian 
duttnoft  to  12600.  For  this 
estuidad  diauuMie,  mle  1  is  confirmed, 
mlu  2  and  3  fail,  rale  4  is  confinned, 
and  rale  3  cast  be  sreakened; 


•  Reatria  100  kt  or  leu  aircraft  to 
ranway  with  shorter  threshold  to 
interaaciion  distance  and  do  not  pair 
1 10  kt  or  leu  aircraft  leading  on 
ranway  with  longu  threshold  to 
aneru  ftinn  distance  with  160  ki  or 
graaav  airciaft  trailing  on  ranway 
with  ahofiR  threshold  ID  iuersecticn 
diatanee  and  do  bm  pair  80  kt  or  leu 
aiactaft  leading  with  160  kt  or  greater 
siterafttrailsaeislMnartwIelaAS) 


The  longu  thrashaM-to-inierieetian 
distance  extends  to  17800.  For  this 
exttsidtid  diatanee,  rale  1  is 
cenfinnad;  and  raka  2  and  3  need  to 
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•  Redria  IlOkiorlMtiircnftio 
lonway  with  (bonor  OmMhoM  to 
intefieciion  ttinwot  mi  do  not  pair 
•0  kt  or  leM  atiaaft  iMdiai  widi  160 
ki  or  giaaier  aiicnfl  tniling;  atatgm 

nltUdA 

ar 

•  Reftriei  lOOktorlaMaireiiftio 
noway  with  dunarttindMM  to 
kWOTaaioo  didaoM  mi  do  oot  pair 

1 10  kt  ar  Ian  aiRnft  laadiat  with  160 

niltir^ 

•  Redrio  1 10  kt  or  leff  aircraft  to 
rwway  with  thorter  threrhoid  to 
BilaHattion  didanoe  mi  do  not  pair 

10  kt  or  Ian  aircraft  leadiiit  arith  160 
kt  or  trader  aircraft  tiailint  add  do 
dM  pair  130  kt  or  leu  aircraft  leadini 
od  nawrgr  with  lonterthrcihold  to 
iaaaiaaeiioa  dinance  wkh  160  kt  or 
laaadr  aueaaft  trailov  oannway 
with  dwnarthinihold  to  ineiioGtioii 
didanoe;  daftir  idle  la  (35) 

•  Rediia  1 10  kt  or  luf  aircraft  to 
naway  with  rhorusTthreiiiold  to 
iaidaaeiioii  didanoe  aad  do  not  pair 

10  kt  or  Ian  aircraft  laadmt  with  160 

IB  N  traadr  aircraft  trailint  add  do 
not  pair  120  kt  or  Ian  aircraft  laadint 
oa  naway  arilh  lonier  thtarliold  to 
iatdaaceioo  dietaaoe  with  160ki  or 
traaan  aircraft  mifiat  on  miway 
aridi  rhonartlmahold  to  iraaraection 
dinaaoe:  daaaar  rale  la  (35) 

26 

3401  ft  to 
4400  ft 

13901  ft  to 
17800ft 

•  Raiifkt  llOktoriaMaitcrdlto 
rnmray  adtli  ihaitertbiciiioldlo 
iMBriectioa  difianoa  aad  aioapt  160 
kt  or  graaier  aircraft;  ataadr  nda  ii 
(34) 

Saparaeded  by  icvired  bex  25 

27 

4401  ftio 
5700  ft 

Up  to 

5700  ft 

•  Eicept  90  ki  or  lau  aircraft  aod  do 
not  pair  llOktorlouairctaftleadiiig 
aritft  1 60  kt  or  treater  aircraft  uailini: 

aiaBvnlaiaaiO 

ar 

•  Baoapi  90  kt  or  loM  aircraft  add 
aaoBpt  160  ktartnaier  aircraft; 
ftWd-ndaie(23) 

or 

•  Except  80  kt  or  lata  larctaft  aod  do 
Mt  pair  90  kt  or  laae  aircraft  laadint 
with  160  kt  or  graaier  aircraft  tiailint: 
iraad-nilala(2J4) 

or 

•  Do  not  pair  80  kt  or  Ion  aitctA 
laadini  wkh  160  kt  or  gnMN  dfctift 
oailina:  ftmr  idia  la  (15) 

All  niw  oonliimed.  Rule  1  can  be 
wtafcenad: 

•  Except  90  kt  or  Ian  aircraft  and  do 
BM  pair  100  kt  or  leu  aircraft  leadiiit 
wMi  160  kt  or  treater  aircraft  tiailint; 

alaa*ridlela(25) 

2t 

4401  ftio 
5700ft 

5701  ft  to 
6500  ft 

•  Except  80  kt  or  lau  aircraft  add  do 
reat  pair  90  ktarlaN  aircraft  laadint 
wtA  160  kt  or  traawr  aircraft  trailint; 
eteurtdlaii(155) 

or 

•  Radtid  10  kt  or  Ion  aircraft  ID 
noway  adth  ehoriw  dMoeboid  10 
iMBriociioa  didmca  add  do  not  pair 
n  kt  or  Ian  aircraft  leadiat  wnh  160 
kt  or  trader  aircraft  trailantelaMer 
Idle  la  (35) 

None 

G-13 


4401  ftto 
STOOfi 


4401  ftio 
STOOft 


4401  ftio 
5700  ft 


6501ftlo 
7200  ft 


7201  ftto 
12100ft 


•  Except  80  kior  leu  aicnft  uri  do 
not  pair  100  kt  or  leu  eifcreft  leadioi 
with  160  kt  or  greater  aircraft  trailing; 
itaggrr  rale  la(2.SA 


#  Reitrkt  80  kt  or  leu  aiiGiaft  ic 
runway  amh  thonarihiathold  to 
aueneciion  diitice  and  do  not  pair 
90  kt  or  leu  aircraft  leadiiigenih  160 
kl  or  ftaaier  aircraft  trailing:  iiancr 
fulcii 


•  Reatrict  110 kior  leu  aircraft  to 
runway  amh  ihoiter  thieehold  to 
iniwiecaoo  diaunoe  and  except  90  kt 
or  leu  airoaft  and  ezoipt  160  kt  or 
greater  aircraft:  flannr  mla  la  (254) 


•  Reatrict  lOOktorienarrcrtflto 
tnnawy  ariih  ahotler  threahold  to 
aneraeciian  diatmoe  and  except  160 
kt  or  greater  airentft;  nagpr  rale  la 

(34) 


12101  ftto 
13800ft 


•  Reatrict  120  kt  or  leat  aircraft  to 
tnnaray  arith  thotter  threthold  to 
inteneciion  diaunce  and  except  80  kt 
or  leu  aircraft  and  do  not  pair  100  kt 
or  leu  aircraft  leading  trith  160  kt  or 
gieaier  aircraft  irailiitg:  itaggrr  rule 
Ii044) 

or 

•  Reatrid  100  kt  or  leu  aircraft  to 
ttaoaray  with  ihoiter  thieahoid  to 
interaectian  diaianoe  and  do  not  pair 
1 10  kt  or  leu  aircraft  with  160  kt  or 

mlcia04) 


•  Reatrict  110  kt  or  leu  aircraft  to 
tunaray  arith  diorter  ifaieaboid  to 
aueriectian  diatmce  and  except  90  kt 
or  leu  aircraft  and  except  160  kt  or 
greater  aircraft;  ataggar  rale  la  (244) 


•  Reatrid  1 10  kior  leu  aircraft  to 
warway  with  tdwdarthraahold  to 
knataectiiin  diaianCB  and  do  not  pair 
90  kt  or  leu  airaaft  leading  arith  160 
kt  or  gieaiar  airetaft  trailing  and 
except  80  kt  or  leu  airctaft;  ataggar 
ralala 


It/Jl 


4401  ft  to 
STOOft 


13801  ftto 
17800ft 


No  extenaion  of  the  longer  threahold- 
to-amtnedion  ditunce  found. 


No  extenaion  cf  the  longer  threahold- 
lo>inienection  diatence  found. 


No  extenaion  of  the  longer  threihold- 
(o-interiedion  diauuicc  found. 


The  longer  tfareabotd'to-gnienectaon 
diaunoe  extanda  to  18000  with  rale 
oonfinned. 


5701  hio 
6400ft 


5701  ft lo 
6400ft 


•  Rmm  lOOtaqrliMiiRHAw 
nmy  wilh  Aanw  ftwHftpM  w 

or  Ian  liionA  MMl  «tMf(  160  ki  or 
•mar  anooft;  rala  lo  CUA 

or 

•  Rmbki  90  kt  or  laaa  iiRnft  W 
iwaaaji  wiA  OwwardwB*nlil  lo 

orlaaoaiRnAaaioieipt  160kior 
gnaiv  aimift:  ata^v  mo  la  (34) 


Thi  lomai  ihwOwld  »-iwiarTtiBi 
4iM«cxiaBdito  U1(X> widiiU 
lalaa  ooafiiaMd.  Ralo3c«bo 


•  XaHiicl  lOOktoriaHMRnftio 


90ktor 


oaeoptmEtor 
nit  11(34) 


•  Bioia  Ukt  or  Ian  iiicnft  aai 
foatriei  90  ki  or  loM  Mcnft  le  lOBwiy 
waft  iftow  iIubOwM  lo  inarioirtioa 
dlMaaea  tmi  do  act  pair  100  kt  or  tear 
aiwaft  laadiag  oa  raaway  wMi  loBgor 

160  kt  or  inaaar  aftaaft  oa 

iHwajr  wftk  aftoitar  ftaaaftoid  to 


G-15 


6401  ftio 

saooft 


8701(1 10 
11100  ft 


6401(1  to 
8300  ft 


6401(110 
8300  ft 


11101(1  to 
14000ft 


140011110 

17(0011 


•  Do  not  piir  90  kt  Of  loM  liicnA 
leodiai  with  I60ktof  potHf  liicnfi 
tnilac  Mi  aokpi  80  kt  or  ioM 
Mitll 


•  ReMict  lOOkiorloMaiRnftio 
lonwty  widl  iMUfiMAotd  10 

or  len  iiiaift  Mi  oioiyi  160  kt  or 
|NOHr  OMomll;  Mmv  nio  ii  OJJ) 


•  Ronrict  90  kt  or  loM  rwcnft  to 


orIttrtircnftaBioxoiFt  160ktar 
noHr  oioaalt;  Momm  ralt  li  (33> 


•  RoMiet  100  kt  or  lorr  airenA  to 
nmay  wiik  iMior  AniMM  to 

llOktorlMMenftiaodiaiwhti  160 
^  or  fKOMr  oifcnft  uailiaK  Mi 
ucopt  90  kt  or  ioM  lirEnft:  tl^Hlor 
MttkdSjf) 


•  Rerinet  90  kt  or  loM  limA  ID 
lomny  wiili  rhoricrtiiiciMii  to 
■Meneoioa  diwoco  Mi  do  not  pair 
100  kt  or  lof  r  oirciift  loaiing  with  160 
ki  or  groMor  aitciaft  miliB(  Mi 
OMopt  80  kt  or  Iwr  oiicnft;  Manor 
laloii 


•  Doitoipoir  llOktorloM  ■icnft 
kodmi  iridi  l60ktorgmMrtorcrf(t 
iniling  oai  exeept  90  kt  or  kH 
■loall:  Manvtala  (a  (M) 


•  RoMiKt  too  kt  or  MM  omcioA  to 
iMoroy  rriih  Aenar  AmtoU  to 
■Morooctioa  dirtMeo  Mii  txeiVt  90  kt 
or  laif  Miaall  Ml  oioMi  160ktor 


•  RaMricl  IIOktorlMidKiMlto 


or  loH  Micnli  Mi  norpi  160  kt  or 
ralala 


Tht  loafer  dmsMtotd-to-iBtenectiaa 
diatooco  aaaaodr  lo  1 1000  with  miet 
1, 2,  Md  4  ooafiiaMd.  Role  3  needt  to 


9  Roanici  iOO  kt  or  len  ainctaft  to 
iMwqr  with  thorier  dtreebold  to 
iwMTtofitoB  difince  aal  do  not  pair 
1 10  kt  or  leaa  airctaft  laadiiif  arid)  160 
kt  or  paaiar  aitcraft  nailing  aai  do 
■Ml  pair  I30klarlaua>rcnfileadiiig 
M  naiway  arith  longer  dutahoid  to 
iaiaiaarrion  diwim  arid)  160  kt  or 
paaiar  airenft  nailing  on  nmway 
arid)  itorierihreihold  to  Laenectian 
dimiMe;  Magvr  rale  fat  (15,6) 


Tla  laager  dneeMd-to-Btenection 
diatmeaeiaendf  to  I13(X).  Role  can 


I 


•  Do  not  pair  lOOktorlcai  aircraft 
laadiag  arid)  160  ktor  greater  aircraft 
nailing  aal  do  not  pair  1 10  kt  or  leu 
onaall  leading  on  mnaray  with  longer 
•raeltold  to  iniereectioo  diwance  with 
160  kt  or  greater  oitaaft  trailing  on 
lanaray  arU  •oner  thrathoid  to 
iaitiwciiaa  dieUBtct  and  oxeeai  80  kt 


Tka  longer  dtreiiold-to-aaeiaectiaa 
dinanoa  oaMadt  u  14300. 


Tin  longer  dwaM>old-io-aaniii)ction 
dleunoe  axleadt  to  18100. 
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SSOlttio 
10800  ft 


Uplo 

IQSOOft 


GLOSSARY 


AGL 

ARTSraA 

ATC 

CRDA 

D-BRITE 

DCIA 

FAA 

FMS 

ILS 

IMG 

MLS 

RNAV 

SQA 

TATCA 

TCAS 

TRACON 

VMC 

VOR 


Above  Ground  Level 

Automated  Radar  Terminal  System  Model  IIIA 
Air  Traffic  Control 

Converging  Runway  Display  Aid 

Digital  Bright  Radar  Indicator  Tower  (Terminal)  Equipment 
Dependent  Converging  Instrument  Approach 

Federal  Aviation  Administration 
Flight  Management  System 

Instrument  Landing  System 
Instrument  Meteorological  Ccmditions 

Microwave  Landing  System 

Area  Navigation 

Simultaneous  Converging  Instrument  Approaches 

Terminal  ATC  Autcnnation 

Traffic  Alert  and  Collision  Avoidance  System 

Terminal  Radar  Approach  Cmttrol  Facility 

Visual  Meteorological  Conditions 

Very  High  Frequency  Omnidirectional  Range 
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